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the substances that make up 
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There is not anything which returns to nothing, 
but all things return dissolved into their elements. 
—Lucretius, De Rerum Natura, 50 BC 


THE PERIODIC TABLE is the universal catalog of everything 
you can drop on your foot. There are some things, such as light, 
IKo)'(c¥ms (oye (orm taXe mm shee Cera det-lar-bucmalolmbameatemol-ou(orellome-lo)(ommslelmcoe! 
can't drop any of those things on your foot. 

WW nYemcr-bu del debtcm olele) em tcolel ms (ole) Com caVclmiadebnetcme-tercale)iommaks 
made of elements. Your foot is made mostly of oxygen, with 
quite a bit of carbon joining it, giving structure to the organic 
molecules that define you as an example of carbon-based life. 
(And if you're not a carbon-based life-form: Welcome to our 
jo) Valcom bite) bm ot-hVcur- Kole) am 0) (or-Keme (yam melne)omielicmolele) @evamim 

Oxygen is a clear, colorless gas, yet it makes up three-fifths 
of the weight of your body. How can that be? 

Elements have two faces: their pure state, and the range 
(o) ol alc) aa blor-Vmeoyacheroevalehmualcamcoyuenmiselemselcnmeeyenloyrelemiyieel 
other elements. Oxygen in pure form is indeed a gas, but when 
it reacts with silicon they become together the strong silicate 
minerals that compose the majority of the earth’s crust. When 
Ob. qiseXcramerepasloyiatocm iu llemenvennesexovam-balemerluslovermeslcmucclUlimer-lemels 
anything from water to carbon monoxide to sugar. 

Oxygen atoms are still present in these compounds, no 
matter how unlike pure oxygen the substances may appear. 
And the oxygen atoms can always be extracted back out and 
returned to pure gaseous form. 

But (short of nuclear disintegration) each oxygen atom 
can never itself be broken down or taken apart into something 
simpler. This property of indivisibility is what makes an 
element an element. 

In this book I try to show you both faces of every element. 
First, you will see a great big photograph of the pure element 
Qi eNcaaKeaVcy am detection tomo) anrscycer-l | nrmolent)le) (co) PmOyamdalcme-lebalcmey-lxom vole! 
will see examples of the ways that element lives in the world— 
Koy any oxe)eracelw-balem-lojeyicerclaloyatmuat-lm-lncmocjoler-lhmeerie-laroutiele 
of it. 

Before we get to the individual elements, it’s worth looking 
at the periodic table as a whole to see how it is put together. 


Li 
3t4 


ne 
| RPERAREMMRBE EE BE 
37 | 38 | 39 | 40 | at | 42 | 43 | 44 | 5 | 46 | 7 | 48 [490] 51 | 52 | 5 


iB 
5 IM [5 5 57 [oo a 5 
a7 560605 [ooo] no 17 


57 {58 |59 | 60 ot | 62 | 63 | 64| 65 | 66 | 67 | 68 
89/90 | 91 | 92] 93] 94 95 | 96 97 | 98 | 99100 





THE PERIODIC TABLE, this classic shape, is known the world 
over. As instantly recognizable as the Nike logo, the Taj Mahal, 
or Einstein’s hair, the periodic table is one of our civilization’s 
iconic images. 

The basic structure of the periodic table is determined 
saXo lm ohrarcl ume) maisalboemeymelat-Delecrm olonmonmuarcmnelarer-beetcoele-lm-vave| 
universal laws of quantum mechanics. A civilization of 
methane-breathing pod-beings might advertise their pod- 
shoes with a square logo, but their periodic table will have 
recognizably the same logical structure as ours. 

Every element is defined by its atomic number, an integer 
from 1 to 118 (so far—more will no doubt be discovered in due 
[ab eaCcd Pw aVOMs) (<)eelcJolmcm-uce) sel Comenereslolym(mualcmaleleslelc) meyme)nelceyers 
KohelaKemlomeatomolele (cle Me)McaUc)mva-lkovenme)muatclme)(seeCselemiver(eamiel 
turn determines how many electrons orbit around each of 
those nuclei. It’s those electrons, particularly the outermost 
“shell” of them, that determine the chemical properties of 
the element. (Electron shells are described in more detail 
on page 12) 

The periodic table lists the elements in order by atomic 
number. The sequence skips across gaps in ways that might 
seem quite arbitrary, but that of course are not. The gaps are 
there so that each vertical column contains elements with the 
same number of outer-shell electrons. 

PNGCO MO ek-Limcy.¢o)C-Ulelmaalcmeelek]mpenvoleyucctelmc.Cem-loleleimulels 
periodic table: Elements in the same column tend to have 
similar chemical properties. 

Let’s look at the major groups in the periodic table, as 
defined by the arrangement of columns. 





THE VERY FIRST ELEMENT, hydrogen, is a bit of an anomaly. 
imcReloyent(cralaceyar-enimo)t-lecrembameatom (couuaslekimee)lorenlene-lalemimelelo 
share some chemical properties with the other elements in that 
Ko) ibbacvamee)mbalerser-Vinvmaetomr.Cermeet-lapbamee)enloceleretelmmimeleyueat-liay 
loses one electron to form an H* ion, just as sodium, element 
11, loses one electron to form Na*). But hydrogen is a gas, while 
the other elements in the first column are soft metals. So some 
presentations of the periodic table isolate hydrogen in a category 
all its own. 

WW Yome)daleyme) (craetconlime)mdalcmsunclmere) lunenvenmelelmeolelalunalc 
hydrogen, are called the alkali metals, and they are all fun 
to throw into a lake. Alkali metals react with water to release 
hydrogen gas, which is highly flammable. When you throw a 
EVeexeM cy alelered om@uepeslomeymcveleplebenmbolcon-Wl-l.comentopccciellm@ke-msleles 
explosion a few seconds later. Depending on whether you took 
dakom ured alm o)ncrer-LeLeCeyaKMmealcMiMc)iselcm-meavullitetem-velemorcr-lonennel| 
experience or the end of your life as you have known it when 
molten sodium sprays into your eyes, permanently blinding you. 

Oalerenviclenmce-meyim li com set-lemoleniscouablmeraloleredsmconelomcancrll 
ld ovbetccmbame atom iVoyulermoletm.lvemer-balccconelenme)aelorcd smcone(OMtciuule)(< 
things just as easily. If you don’ respect it, chemistry bites. 

The elements of the second column are called the alkali 
earth metals. Like the alkali metals, these are relatively soft 
metals that react with water to liberate hydrogen gas. But 
where the alkali metals react explosively, the alkali earths are 
tamer—they react slowly enough that the hydrogen does not 
spontaneously ignite, allowing calcium (20), for example, to be 
used in portable hydrogen generators. 





SW ASas's 0D) OO) sli vaUeno) (ole) aeymuelomolculelel(ome-lo)(omhw esleniuel 

as the transition metals. These are the workhorse metals 

of industry—the first row alone is a veritable who's who of 
Loyaabaelovementcie-Vcmmallmuelcman-beljialejemeslcle-Vicmencocjolmes(Kablamcsle) 
are fairly hard, structurally sound metals. (And so, in fact, is 
mercury, if you cool it enough. Mercury freezes into a metal 
remarkably like tin, element 50.) Even technetium (43), the 

Key atcw u-Cetlor-(omaycme)(oanlcpolmbemealicne) (ole emice-mlaebnehm@eslclt:l MiNi co 
its neighbors. It’s just not one you'd want to make a fork out 
of—not because it wouldn't work, but because it would be very 
expensive and would slowly kill you with its radioactivity. 

The transition metals as a whole are relatively stable in 
air, but some do oxidize slowly. The most notable example is 
of course iron (26), whose tendency to rust is by far our most 
destructive unwanted chemical reaction. Others, such as gold 
(79) and platinum (78), are prized for their extreme resistance 
to corrosion. 

The two empty spots in the lower left corner are reserved 
for the lanthanide and actinide series of elements, highlighted 
on page 11. According to the logic of the periodic table, a 
fourteen-element-wide gap should appear between the second 
NOLG MM ONSKGMOLO)RONSODATSHAA'sIUOMUaloms) (cents) elecme)muatcmt-baluet-Dellelsm-valel 
actinide groups inserted in that gap. But because this would 
Taak-l.come Com oloru (Ole N(ome-o)(cmnnnloyu-Cers (orl hwmiulelomuslemeeyanicaleloeml: 
to close up that gap and display the rare earths in two rows at 
deXom olelaceyeee 
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THE LOWER LEFT TRIANGLE here is known as the ordinary 
AT AACA KY deXelorcd aw bemncr-Veiavm cele ime) mdelcmantcae.l maet-lmorcrejey(cmuatial.< 
of as ordinary are in fact transition metals in the previous 
reAKOLUL OMG Shyam ele) imcolement-hvm@et-hicomelele(ecre maar-lmselcmeancr-lmost-t(O)NIAymO)s 
elements are metals of one sort or another.) 

The upper right triangle is known as the nonmetals. 

(The next two groups, halogens and noble gases, are also not 
metals.) The nonmetals are electrical insulators, while all 
metals conduct electricity at least to some extent. 

Between the metals and nonmetals is a diagonal line of 
fence-sitters known as the metalloids. These are, as you might 
expect from the name, somewhat like metal and somewhat 
aXe lal comnnlcie-Vemsbomoy-vue(elt.lmdalcameeyereleCamelccoeu(@iamelelmereye 
very well. The metalloids include the semiconductors that have 
loxerore) nalcmcre ren oceyuc-balmcementeleCouem slice 

The fact that this line is diagonal violates the general 
rule that elements in a given vertical column share common 
characteristics. Well, it’s only a general rule—chemistry is too 
complicated for any rule to be absolutely hard and fast. In 
the case of the metal-to-nonmetal boundary, several factors 
(Koy aehOlciKomnsidemcr-(eeMeleloomromelaccusnlleCmnuelcataom-lemoloseoele 
falls into one camp or the other, and the balance drifts toward 
1d aXom wtcdalarctomolemanle\ucme(Onisemselcme-le) (on 
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THE SEVENTEENTH (second-to-last) column is called the 
halogens, and its members are a pretty nasty lot in pure form. 
All the elements of this column are highly reactive, violently 
smelly substances. Pure fluorine (9) is legendary for its ability 
to attack nearly anything; chlorine (17) was used as a poison 
gas in World War I. But in the form of compounds such as 

sdLU oyu (ek-nucre mnole)eeyor-loincm-Dale melo) (omcr-llmm(clorepnebeemelelleyucelc)mmuate 
halogens are tamed for domestic use. 

The very last column is the noble gases. Noble is used here 
in the sense of “above the business of the common riffraff.” 
Ifo) 0) Comer: Yoru ¥ lea Cosslmp elcar(ca mle) wae mee) ent oreleracelmiwlsemer-Celemeldalcyme)s 
with any other elements. Because they are so inert, the noble 
gases are often used to shield reactive elements, since under a 
blanket of noble gas there’s nothing for the reactive element to 
react with. If you buy sodium from a chemical supplier, it will 
come in a sealed container filled with argon (18). 
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THESE TWO GROUPS are known collectively as the rare earths, 
despite the fact that some of them are not rare at all. The top row, 
starting with lanthanum (57), is known as the lanthanides; and 
you will not be surprised to learn that the bottom row, starting 
with actinium (89), is known as the actinides. 

As you will read when you get to lutetium (71), the 
lanthanides are especially notorious for being chemically similar 
to each other. Some are so similar that people argued for years 
whether they were really separate elements at all. 

FAN uatcd-levanadlelsrcwcbucwe-Celler-(emhycmmnluemobecdallelaemesPA tale! 
plutonium (94) being the most famous. Adding the actinides 
Com dalemclectacet-ineme-he)bime) mualem ole) uleel(ome-Lo)(mer-lem elcome) t-baatere: 
on Glenn Seaborg, largely because he was responsible for 
chore (club elcacromastclehvmalcaiiac)(seecvelicmiomselkwe-lelconset-lm-Belcany 
row became necessary. (Although new elements have been 
discovered by many people, Seaborg is the only one forced to 
invent a row to display all of his discoveries.) 

Now that we have seen the periodic table as a whole and 
shel Oy- 1M ECW od Rom Kors OM MCONCIE-IdMOlelmlelenuelcamdalnolerdemeslomnullen 
beautiful, up-and-down, fun, and terrifying world of the 
elements. 

This is all there is. From here to Timbuktu, and including 
Timbuktu, everything everywhere is made of one or more 
of these elements. The infinite variety of combinations and 
recombinations that we call chemistry starts and ends with this 
J aloyumr-0 ele maetcsenloyeclo) (om seme elcmol oni cel batcm elelel <cme)mualemolensyierlt 
world. 

Almost everything you see in this book is sitting somewhere 
in my office, except that one thing the FBI confiscated and a few 
JaVKc}(o)u(or-] Mo) o) (cre comms at-Comr-Meancr-lmubastomere) | (ceubetemaalonieme¢-banhe)les 
of the vibrant diversity of the elements, and I hope you have as 
aaheclamaveamucr-Celbarca-lololelmselciea 

See you at hydrogen! 
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HANG ON TIGHT, we're going to explain 
(eLer-vehauenwaelcreler-ballocmlemeya(om or-lxomm@NMVOlemalere| 
this section too technical, feel free to skim it— 
there isn't going to be a quiz at the end.) 

Every element is defined by its atomic 
alovenlolcjemeatomoneleslelcome)molevieMiohmeat-veecrel 
Je)xolcovacmlomeelcmelecel (cehMe)mcaycmra-ice)enmeymuer-lt 
element. These protons are matched by an 
equal number of negatively charged electrons, 
found in “orbits” around the nucleus. I say 
“orbits” in quotes because the electrons are 
salolmr-(oinbr-lnimaslonrsietca-bnolereComisalc)imeyueylicm ll qc 
jo) Fevetcr cere Une lbne (em Mcle-leml Dame-Celmmolemer-behmucr-lihy 
CJoler-l @e)mealcvaem-kwentenurerca-lar-lle 

Instead, each electron exists as a 
probability cloud, more likely to be in one 
je) E-Noromaak-bamr-telelueCcvemoveimelelm-(ombr-li hms m- lent 
one place at any given time. The figures below 
show the various three-dimensional shapes of 
the probability clouds of electrons around a 
nucleus. 

The first type, called an “s” orbital, is 
totally symmetrical—the electron is not 
any more likely to be in one direction than 
another. The second type, called a “p” orbital, 
has two lobes, meaning the electron is more 








<< s orbital 


likely to be found on one side or the other of 
the nucleus, and less likely to be found in any 
direction in between. 

While there is only one “s” -type orbital, 
there are three “p” types, with lobes pointing 
in the three orthogonal directions (x, y, z) of 
space. Similarly there are five different types 
of “d” orbitals and seven different types of “f” 
orbitals, with increasing numbers of lobes. 
QoLe maak badeveel qoymestccroujet-loloce-Ke-MOlmll ce 
dabucrenrennaatcoalcyCeyar-Umcie-telelbereM@nchucce) 

|Sr-Yol ocJat-0lome) me) ueyie.! mor-emeyehl moe] 
multiple sizes, for example the 1s orbital is a 
small sphere, 2s is a larger sphere, 3s is larger 
still, and so forth. The energy required for an 
electron to be in any given orbital increases 
as the orbit becomes bigger. And all else 
being equal, electrons will always settle into 
the smallest, lowest-energy orbit. 

So do all the electrons in an atom 
normally sit together in the lowest-energy 
1s orbital? No, and here we come to one of 
idatomactekimpacnelet-vastele-lMelkieeniculccmremials 
early history of quantum mechanics: No two 
particles can ever exist in exactly the same 
quantum state. Because electrons have an 
internal state known as “spin,” which can be 
either up or down, it turns out that exactly 
two electrons can reside in a given orbital— 
ODaTeMNsldemcjoyremelom-lelemeyelcmivlaenje)iemeleniuen 

Hydrogen has only one electron, so it sits 
in the 1s orbital. Helium has two, and they 
loXo)d em chem ielcom corms! litetcmimcomiicnerlor-(oiniae) manor 
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|DiidevivbacWet-lmdstaciomr-lalemc)belecmmelciccmicwalemneleyen| 
iba Rce-Ueniscele)cormeslcmesnineme)((eKOeBKBKe)Kacre| 

to sit in the higher-energy 2s orbital. And so 
on— the orbitals are filled one at a time in 
order of increasing energy. 

Look at the Electron Filling Order 
(ohe-TesucbanMeyemsalcmulcdelmy(elcmeym-venme)(cnslcelmel-tee 
Hhalm dav icm oLele) em-velemi(olom | icrom- mean lo)ame) meals 
possible orbitals from 1s to 7p, with a red bar 
indicating which ones are filled with electrons 
(7p is the orbital of highest energy occupied 
by electrons of any known element). The exact 
order in which orbitals are filled turns out to 
be surprisingly subtle and complex, but you 
can watch it happen as you flip through the 
pages of this book. Pay particular attention 
around gadolinium (64)—if you think you've 
got it figured out, your confidence might be 
shaken by what happens there. 

Kum iomdevwallitevemeynelcomust-umelcicuaeveates 
the shape of the periodic table. The first 
two columns represent electrons filling “s” 
orbitals. The next ten columns are electrons 
filling the five “d” orbitals. The final six 
columns are electrons filling the three “p” 
orbitals. And last but not least, the fourteen 
rare earths are electrons filling the seven “f” 
orbitals. (If you're asking yourself why helium, 
element 2, is not above beryllium, element 
4, congratulations—youre thinking like a 
chemist rather than a physicist. Eric Scerri’s 
book, referenced in the bibliography, is a good 
start toward answering such questions.) 


<< forbitals 
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Crystal Structure 
ATOMIC WEIGHT An element’s atomic DTI DTM As Matene (cratciinvmeya-leme) (craetcyetm (exe lcsetetcre R-lomuatcwte(crlivActeMe(-rersIMvaey ire 


weight (not to be confused with its atomic Jang oXe)ealciaterel Wat-nnulectouc)ieted (CMOMicle-lMOymsalcR-lee)ieicohmolelncmolcsen(alem Melkwer-bamelavcs 
number) is the average weight per atom in be realized exactly in practice, so the densities are generally calculated from a 

a typical sample of the element, expressed combination of the atomic weight and x-ray crystallographic measurements 

in “atomic mass units,” or amu. The amu of the spacing of atoms in crystals. The density is given in units of grams per 

is defined as 1/12 the mass ofa '*C atom. abley(exealeiestatan 





Roughly speaking, one amu is the mass of 
(ovale one] oyeme) meyalcmalcielaneyarm-lelemasnelce-vel 
element's atomic weight is approximately PN LO) 1(Om Y:\ B11 U bo MaMatene (creKsinaeym-WeatclccrutelmelcyorcvalelcRoyeMan(Omuevletescou eleyns 




















Xe] ULV mCo me etom Coles! Welblenlercomeyim ene) te) alce-vere| much each atom weighs, and how much space each atom takes up. The —— = 
neutrons in its nucleus. atomic radius shown for each element is the calculated average distance to the <—— 
eCeiVaomm elem ill merele(ecmietcimuele outermost electrons from the nucleus in picometers (trillionths of a meter). — = 
atomic weights of some elements fall well The diagrams are merely schematic—they represent all the electrons in their — =) 
between whole integers. When typical respective electron shells, with the overall size matching the size of the atom, — 
samples of an element contain two or Jo) Uimm doom olerssia(oyameymratenay(enet.l R-)(coeneyelomiwalolmnonccor-l (mm eleymelene)(cceeneyele(ener-l I av — 
more naturally occurring isotopes, the exist as sharp points spinning around the atom. The dashed blue reference —— = 
averaging of isotopic weights explains the circle shows the radius of the largest of all atoms, cesium (55). —— 
fractional amu. (Isotopes are explained in — 
aalO)nomelcie-Vimbnele (om oynele-Ceulalibsssmmolcoeelcvalt — = 
91; the basic idea is that an element's CRYSTAL STRUCTURE The crystal structure diagram shows the — 
FXO) K) OLows lI Wat-Aom dalemcr-Deslemaleaslelomeyl arrangement of atoms (the unit cell that is repeated to form the whole crystal) — 
protons, and thus the same chemistry, when the element is in its most common pure crystalline form. For elements — =) 
o)Chaceliaccomlomselcmaloenlelcvucke)melclUlune)elownel that are normally gas or liquid, this is the crystal form they take on when they — ™ 
their nuclei). are cooled enough to freeze solid. 
= 
ELECTRON FILLING ATOMIC EMISSION SPECTRUM o 
ORDER When atoms of a given element are heated to very high re 
This diagram shows the temperatures, they emit light of characteristic wavelengths, 
order in which electrons or colors, which correspond to the differences in energy levels s 
fill the available atomic between their electron orbitals. This diagram shows the colors = 
orbitals, which are of these lines, each one corresponding to a particular energy- 
explained in detail on the level difference, arranged into a spectrum from the barely 
je) nexerere nb tem or-texen atc} o) cm acremr-end eComco)omcomselcmacr-Dunmuliun:hvste) (cim-lmeetcmololace)ea = 
: : 
STATE OF MATTER . 3 
This temperature scale in degrees Celsius shows the range of temperatures over which the z 2 
VKea a ele) ohm Kcmcxe) COMM OLe Ce PMO) met. lms alen oLe)bnaler-Umvmelcian'(cicJemce)i(om-balemI(epen(em(maetcmantc)leletcmolerelemnvalile 0 6 '. S 
the boundary between liquid and gas is the boiling point. Twist the pages of the book to spread = 2 = 
1d nKomcrekexerMOy ind elem o-texe Mel ULem-TeCO Mole Misi i RYorou- med e-lolame)maatcmentclalarem-balem ore) iteremoleyielacmmnusl(en! = i 2 
shows very pronounced trends across the periodic table. £ E © o 
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STARS SHINE BECAUSE they are 
transmuting vast amounts of hydrogen 
into helium. Our sun alone consumes six 
Jalbbetehucre maevllbleyemcovekme)manielnerxcemelcs 
second, converting it into five hundred 
Vale malielciAveryp@nellli(ovameoyelcme)melc)iieneer 
SM evnel.q-lololeim lamer. q@enelarelncremoatllulovamueyers 
per second. Even at night. 

And where does the other four 
million tons per second go? It’s converted 





nitrogen (7), and oxygen (8), it bonds 
iKoyeZ<i0 alc) mma alome) Colerem-belem olerenvae) m-ll ment ate 
things. 

Hydrogen is the lightest of all the 
gases—lighter even than helium—and 
jane(lamelelcr- ele) emivelleem-lecelerelRecoymies 
ill-advised use in early airships such as 
the Hindenburg. You may have heard 
how well that went, though in fairness 
the people died because they fell, 






























» The mineral scolecite, 
CaAl,Si,O,,..3H,O, from 


Puna, Jalgaon, India. 
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into energy according to Einstein's not because they were burned by the —— = 
famous formula, E=mc*. About three- hydrogen, which in some ways is less <— 
and-a-half-pounds-per-second’s worth dangerous to have in a vehicle than, say, — _ 
finds its way to the earth, where it forms gasoline. a S 
the light of the dawn rising, the warmth uAicolneyexcvemimuelomente-iar-lolelacer-velme) (on — 
o}e-Mclelenlen(csm-Uaccoualoloyarm-lelemselomucre med (e\)ammmmmoelc)olemuelc U(cdelecciem-valemualemenlecimeloleiae — = 
of a dying day. by physicists because, with only one pro- — 3 
The sun’s ferocious consumption of ton and one electron, their lovely quan- —— 
hydrogen sustains us all, but hydrogen’s tum mechanical formulas actually work — 
importance to life as we know it begins exactly on it. Once you get to helium with — = 
closer to home. Together with oxygen two protons and two electrons, the physi- — 
it forms the clouds, oceans, lakes, and cists pretty much throw up their hands —— 
UAV co RCM @rovasloynalcremisisemertnelevem(e)h and let the chemists have it. — S 
<@ Tritium GH) luminous key chain, » The inside of a high-speed thyratron, a — 
| | illegal in the U.S. because it is type of electronic switch filled with a small — = 
| deemed a “frivolous” use of this amount of hydrogen gas. . — a 
| ad strategic material. — . : a 
i 7. &s » The orange-red glow of an ’ on f — = 
4 : | oxygen-hydrogen flame. ow. Bhs | - — 
7 i - The sun works by e2v technologies ——_- = 
ae A Tritium watches, on the other 40: DD — ie 5 
| hand, are legal in the U.S. — € a 
LL — wi > 
<@ By weight, 75 percent of the visible universe is hydrogen. Ordinarily itis a O a o > 
foro) Cola (SNe F-FIM LUI MZ meLUT-Taltit(-<Moy mala ny of-[eXcW-] esto) a oi ¢-]al(e]alamela-t-1e[afeRs Y-Yeat-(ot] F-lg o — § 2 = 
sights such as the Eagle Nebula, seen here by the Hubble Space Telescope. u “oe < n 
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HELIUM IS NAMED for the Greek god 
of the sun, Helios, because the first hints 
of its existence were dark lines in the 
SJoLconableameymlonel ited slmdet-umeelel (emslelmelenoc 
plained by the presence of any elements 
rentoyiuem-imselemaleates 

It might seem a paradox that an 
peatevelmoeyenvectevemselolercemce mall mor-lunv 
balloons with was the first element to 
be discovered in space. The reason is 





it. The main problem is that it’s a lot more 
expensive, and provides somewhat less 
lift. Anyone want to go for a ride in the 
Ko) iva oy te Baslore (oak; 

The helium we use today is extracted 
saxe)oaWer-uavun-lmcr-e-K wim ee) ese melelmeymuele 
eave) beleem oleLmorelllccu-li meldaomciecloy(enelicn 
ments, it was not deposited there when 
the earth was formed. Instead it was cre- 
ated over time by the radioactive decay of 













a 
Elemental™, 


SU A a a 
ef a a ae TST 
Atomic Weight 
4.002602 

Density — 
0.0001785 ~ 2 
Atomic Radius o 
31pm a 
Crystal Structure ~ 
























































that helium is one of the noble gases, uranium (92) and thorium (90). These ele- Ss — = 
Yo at-venlcre Molcrer-Leliom da leatae (Omslolmielcce-let ments decay by alpha particle emission, L—— 
ULiomdelcmecoyesveslelomulsne-limeymolcjelc lie and “alpha particle” is simply the physi- — - 
qeyearevsevsetca@batcyum-velem<! (oleymuomelcr-vuhva-ll| cist’s name for the nucleus of a helium — =) 
(ol aTesanh erm ore)atelbatoam sicrer-Le om imelolccmerele atom. So when you fill a party balloon, — 
ibalccve-loematclniepeemeevel (omelelmertyi hmete youre filling it with atoms that just a few — = 
detected by conventional wet tens or hundreds of millions of years ago — S 
chemical methods. were random protons and neutrons in the a 

As areplacement for hydrogen in nuclei of large radioactive atoms. That, A Helium-tilled latex party balloons don’t last long — 

. ° ° . . ° ° ° — Ss 
airships, helium, which is completely frankly, is weird. Though not as weird as as this tiny atom escapes rapidly. Metalized Mylar a = 
nonflammable, hasmuchtorecommend _ the way lithium messes with your mind. balloons last days instead of hours. — 

— S 
— oe) 
— = 
— a 
= S 
— - 
— = 
— =) 
i 
= 2 
=— = 
— —— 
~ 5 } 28 = = 
J ——I- 

J »~ @ Pure helium is an invis- A Acharacteristic helium » Disposable helium 0 a § s 

w/ ible gas, as in this antique peach-colored glow is visible tanks are available in £ = 3 = 

sample ampoule. through the open side of this party supply stores but of- To — E > 
helium-neon laser. The laser iccYaMoxodale-Tiak-(e(o(-XeKeoy a\(o(-11 a O Si 9 5 

<< Ordinarily a colorless, inert gas, helium glows creamy Melaacxealiate Rela tl-Sixelilats to prevent suffocation if 6 — E 2 

pale peach when an electric current runs through it. neon red. inhaled by children. i <x n 
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LITHIUM IS A VERY SOFT, very light There’s only one place in the world with a 
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metal. So light that it floats on water, a really large amount of easily recoverable 
feat matched by only one other metal, Tide vibuecvm bm) (c.e1uu (omer-ucmor-locemeyel 
sodium (11). While floating on water, Hidevibventy(oyamey-lacou( Rao) mel Keecm ony 
lithium will react with that water, releas- | widespread, you might want to keep an 
ing hydrogen gas at a steady, moderate eye on Bolivia. 
rate. (The real excitement in this depart- OW aYemridelloscomloyemet-e-velelusComen(oqaule 
ment begins with sodium.) its sleeve: It keeps some people on an 
Despite its reactive nature, lithium even emotional keel. For reasons that are 
is widely used in consumer products. only vaguely understood, a steady dose — 
1Diidevtvicemeclcieclmlecyle(cmuiuentenenty (evel of lithium carbonate (which dissolves Lithium —— S 
batteries powers countless electronic into lithium ions in the body) smoothes , iecat can — 
devices, from pacemakers to cars, out the highs and lows of bipolar be exotic like — - 
sale) LbCebnetcadalomt-lolneyomevemivel(eem m-teel obo) xe (<semm M etctm-Wc}lee}o) (ome) (seslcelmelenel the pacemak- a S 
typing this text. Lithium-ion batteries JaF-Aycuciecelam-Mcelolalcmciikeomeyamealomasnnaremts er battery — 
Joel ql uucrantcsale(Oeicm orev ivcimlalcomarolmesteren! testimony to how even a phenomenon above, or — _ 
weight, in part because of lithium’s low as complex as human emotion is at the common, like — 3 
density. Lithium stearate is also used in mercy of basic chemistry. this standard —— 
the popular lithium grease found on cars, Bde vibbenm Cucvoynewccr-Ceshycrr-balem alc)lels AA-sized — 
trucks, and mechanics. keep things in balance. Beryllium is, well, disposable — = 
People who pay attention to these let’s just say different. _ i — ~ 
things have noticed an interesting fact: -—_—. — 
P — = 
Lithium carbonate pills Common = ‘ge — o 
control mood swings. lithium grease _ — 
contains sy —— o 
lithium — =) 
stearate to ge’ is — 
improve 
performance. 
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The mineral elbaite, Na(LiAl) Al, (BO,),Si,O,,(OH),, from Minas — _ 
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Lithium is soft enough to cut with hand shears, which leave a E - 
ie: hl 
marks such as you see on this sample of the pure metal. ’ mW “SS < n 
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Elemental™, # 


e y [ U » Alarge aquamarine beryl how 
(Be,AI,Si,O,,,) from the author's ei Atomic Weight 
father’s extensive collection. {= 9.012182 
"ee. Density Swen 
1.848 rl ‘ 
Atomic Radius ! dene 
s a 112pm N. 7 
BERYLLIUM IS A LIGHT METAL (though | _ : — Crystal Structure “~~-~" 
davucrewcTeCe M-Watclimaneatccmeetcne(vavin@eymlieclioneey - —— — 
it’s still significantly less dense than alumi- 
num, element 13). Where lithium is soft, low- 
melting, and reactive, beryllium is strong, 
melts at a high temperature, and is notably 
resistant to corrosion. 

These properties, combined with its high A Beryllium 
cost and poisonous nature, account for the oxide high-voltage 
Uatce[eCcmenCoatcmolcvarlliblenmet-KMer-lavcemelelm@leye insulator. 
itself: missile and rocket parts, where cost is 
no object, where strength without weight is 
king, and where working with toxic materials 
is the least of your worries. 

Beryllium has other fancy applications. 
It is transparent to x-rays, so it’s used in the 
windows of x-ray tubes, which need to be 
strong enough to hold a perfect vacuum, yet 
ld obbemspaXelorcd om con (cimestome(cliler-lucDcorchcnelele 
A few percent of it alloyed with copper (29) 
forms a high-strength, nonsparking alloy 
1UIY<16M (0) mnOL0) ome (20) (niece m-Nnelbne(eMeyI MAU c)lKw-balel 
flammable gases, where a spark from an iron 
tool could spell disaster, in great big flaming 
red letters. 

In keeping with the sport of golf’s 
tendency to use high-tech materials out of A Beryllium copper non- 
a desperate hope that they may help get the sparking gas-valve wrench. 
ball where it’s supposed to go, beryllium 
copper is also used in golf-club heads. » Complex beryllium 
Needless to say, it doesn’t help any more than _ missile gyroscope. 
1d alcmaetcletex-Velcnicm 0) ne)aVAcme) mOle-Dellolesm Am ELIor6| 
for the same purpose. V Beryllium foil windows 

Combining beauty with brawn, the mounted in an x-ray tube. 
mineral beryl is a crystalline form of 
beryllium aluminum cyclosilicate. You 
may be more familiar with the green and 
blue varieties of beryl, which are known as 
emerald and aquamarine. 

Beryllium: A debonair, James Bond-style 
Haatc1e-0m-Lo) (om Com t-lunelelamuele <citmoyelcmaennelbitcm-lave| 
charm the ladies the next. Then there's boron. 
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<< This pure broken crystal of refined beryllium 
one Tat-Ia Nadel l(eM et-Maat-lic-xeme(oniaa-latehilant-ve ninco) 
strong, lightweight parts for missiles and spacecraft. 
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» Beryllium 
copper golf club. 
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POOR BORON—with a name like that, 
how can it get any respect? It doesn't help 
1d okctin oloynoakcwoenleimoeyenvasteyelnacoleielemial 
loXo)r- bem dalem C-uelaelmta-l(cmms)blmoleyneyemiwenle)ns 
eA EVaaleyneloRmesr-Vemiolemeniicslmualinle 

(Coy anle)iaten ore)neyemco) miuliowellexeseccel 
(7), and you get crystals similar to those 
of their average, carbon (6), the element 
ld nk-lepco)uentcment.tanleyarepm@vele)ien ole)neyel 
nitride crystals are very nearly as hard 
as diamond, but much less expensive to 
create and more heat resistant, making 
decree molejonelt-vur-loye-yhVccm loymspaleneliaut.ll 
steelworking. 

iRCcroreral md elere) xo (ore] Morel (el r-naloyars 
indicate that the alternate wurtzite-crystal 
ico)usemeymolenevemalleu(elome CRY clmslaVamenecitcrel Cubic boron 
in single-crystal form, might actually nitride is used in 
loYem etcineleymuct-lamenr-deslevaembrslelomecuc.tin} machine tool 
conditions, and for certain technical inserts for cutting 
definitions of “hard.” Unseating diamond _hardenedsteel. 
from its long reign as the hardest known 
aat-lkcvut-VmiVolel(omolemeloniccm-meolenefmoluimceymuale 
time being “wurtzite” boron nitride’s only 
accomplishment is causing an annoying 
footnote you now have to put next to any 
AE Tisameetclment-lenloyalemicmualeet-inelccim eateviuel 
Sleleniecbalees 

sXe) noyamerztae)(elome-l io mevalene)muatemer-Inelsi 
known substances, even has a genuine 
secret-agent application: Granules of it 
oXovbincre BbalcomeatcmeylConllMare)(cmeym-vemlelccymer-ll 
coyaslolerialovemcsercdialcmisllmelscieneym@sslenoarcaials 
by irreparably scoring the cylinder walls. 
Of slightly less interest to the CIA is the fact 
that boron is critical in cross-linking the 
polymers that gives Silly Putty its amazing 
ley LAY COM olen oLeldamcreynmr-late aste)ter-le)(cminl 
your hand, yet hard and bouncy when you 
throw it against the wall. 

But while boron is not quite the frump 
you might expect from its name, it’s really 
not in the same league as carbon. 
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sabotage solution. 
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Boron is rarely seen in pure form, as in these polycrystalline lumps. While 
extremely hard, boron is too brittle in pure form to have any practical applications. 
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CARBON IS THE MOST IMPORTANT 
element of life, period. Sure, there are 
many others without which life would 
not exist, but from the spiral backbone of 
DNA to the intricate rings and streamers 
of the steroids and proteins, carbon is the 
element whose unique properties tie it all 
together. The very term “organic com- 
pound” refers exclusively to chemicals 
Loyele-lievietcmer-bueleyer 

Not content to be the foundation 
of all life on earth, carbon also forms 
ebFcbnsloyelemmuetemer-baelccim ale iuemcieleir-bslas 
(at least for now; challengers are 
discussed under boron, element 5). But 
(oLoyelan-tmracomoleyelele-lmole)i(cammenr-lesleyalels 
are not particularly rare, nor are they 
unusually beautiful, nor are they forever: 
all three are myths created by the DeBeers 
(ehk-ba steele more)enler-banvas D)t-lealepalermnvelelce| 
cost a tenth as much but for DeBeers’s 
monopoly control. Cubic zirconia or 
crystalline silicon carbide are just as 
e)xcianvavavalem-lmeltcdsmoveleletciemccyeelelcrclaennccy 
(chr-Vasloyalekmeleruemelomialcomelelueliar-me)one 
(ord oleyemebley.e(6lsn 


WV A“Congo cube,’ natural cheap 
polycrystalline diamond clusters. 


everywhere 
that coal is. 








<4 Adiamond is forever, unless you heat it too much, 
in which case it burns up into carbon dioxide gas. 


» Coal (roughly 
speaking C H, ) 


WV Ablock of graphite (pure carbon) from the first 
atomic pile, described under fermium, element 100. 


~ STAGG FIELD - THE UNIVERSITY OF CHICAGO 


If I were writing these words twenty- 
five years or so ago, I would probably have 
been doing it with carbon. The “lead” 
in pencils is actually graphite, a form of 
(orc ole) abarcbae Met-Kcmolciciemcyialecmielom Roliee 
century discovery in the English Lake 
District of the great mine at Borrowdale, 
the first source of pure graphite. 

Carbon atoms like to form sheets, 
like a honeycomb with a carbon atom 
at each corner. Stack the sheets and you 
have graphite. Fold them into a sphere 
and you have a C,, “buckyball,” named 
for Buckminster Fuller who invented 
the geodesic dome. Roll the sheets into 
tubes and you have the strongest material 
reatoy isa mconcie (218 lecrmer-Uuoleyamar-lelelaelelocn 

(OFT okeyam ek-towalonna olereeyentoe- Bole neys 
jeXe) baler: | Mere) elenecvucyiaecrslconcemeyemisleme-let 
dakchmolenmenhrslivA-luleyemicmolenasye)teromer-inereyel 
(eh Top:eCe (om of-lo) @lalcomeatem-luseleje)etoucr-nt 
about 100,000 times the rate it was put 
away by the dinosaurs and their swamps. 
Interestingly, the situation with nitrogen 
is exactly reversed. 





GRAPHITE FROM CP.-1 
FIRST NUCLEAR REACTOR 
DECEMBER 2, 1942 


an OF) o) oY -Vexet eRe] e-lealic-aai-ie late) 
PLN goo (-X8-1e-¥-) 4-11-10) Ma TaN Accel Lale Btale) 


i 


» Computer model 
of C, , “bucky ball” 














A Tiny industrial diamonds 
embedded in this steel disk 

turn it into a powerful grind- 
ing wheel. 
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FU De lomeyal\, lous MO, omiat-lmestelelseemenulie carbon dioxide from the air, nitrogen 
zation has been pumping carbon dioxide _ fertilization even helps, at least a bit, with 
into the atmosphere, we've been pulling alleviating the effects of global warming. 









OLeLmavianesexcom-lelemcr-lunelcale 

Nitrogen as N, in the air is inert and 
largely useless, but when it’s converted to 
amore reactive form, such as ammonia 
(NH,), it becomes a vital fertilizer. Only 
Yo) anton o)-bal ect oler- bale) mcy.¢.0e0l 0) tomm-i(elcrem env 
microorganisms residing in their roots, 
are able to draw the nitrogen they need 
directly from the air. This is one reason 
that, before the advent of cheap nitrogen 
fertilizer, corm, which cannot “fix” 
nitrogen, was alternated in the fields with 
beans or alfalfa, which leave the soil with 
more nitrogen than it started with. 

Just before World War I, Fritz 
Haber invented a practical process for 
converting nitrogen from the air into 
leavaeleyent-Mme)elcme)muelcmastekimiesleleyurctalt 
chore (crulccmiemelelent-vemanlice)mvavatesvesteyalt.\ 
fertilizer now feeds a third of the world 
(the rest being fed mainly by phosphate 
fertilizers). His work with chlorine (17) 
was less benevolent, as you can read 
lolelelmonele(cvmsetclmel(conelcyele 

PaVaXeRybalecme) (-velmedxeyiadem-levoyue) 


<@ Nitrogen-gas 
canister for a wine- 
preservation gadget. 
The claim of 100% 
purity is suspect: 


Nothing is ever 100%. 





» The mineral 
nitratine (NaNO,) 


<4 A Dewar flask filled with boiling 
liquid nitrogen at -196°C (-320°F). 


Wie [bate mavlaneycxovemim-melalcrs]om-velemucr-Cell av 
available cryogenic cooling liquid. With a 
Joe) Iiiatem ole)sel me) ees belo Op lm icmee)(emoaleleredal 
to freeze almost anything. It is used to 
preserve biological samples, to amuse 
lati CohxyemenmincreyAlelcm-balemcer-laccounels 
1 CON NY(<) ucyur-b ale MoLerer- Icy Le) er-lI hace mast-l com (ae 
cream in record time. 

There's a lot of nitrogen around: Over 
78 percent of the atmosphere is nitrogen. 
What’s the other 22 percent? Most of it is 
the oxygen we need to breathe. 





A Silicon nitride (Si,N,) is so hard it is used to 


make cutting tools, such as this milling bit insert. 

















A Nitroglycerine 
(C,H,N,O,) pills for angina. 


expensive skateboards. 
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Oxygen 


IF CARBON (6) is the foundation of life, 
then oxygen is the fuel. Oxygen’s ability 

to react with just about any organic com- 
pound is what drives the processes of life. 
(Coyanle)braloyemivldemeraucrcsem-lomeluAVccmUOleln 
car, your furnace, and if you work for NASA, 
your rockets. (Actually, the term “fuel” usu- 
ally refers to the thing that is burned by an 
“oxidizer,” so I’m speaking metaphorically 
when I say oxygen is the fuel of life. Techni- 
cally speaking, oxygen is the oxidizer of life.) 

OW om t-Kelmdetclinvcolemer-lomitcdalmr-levemelenuel 
wood, paper, or gasoline has less to do with 
what those things are made of, and more to 
Kom isidemeetcmr.Celmeet-lmolelm-laesle jolene CROUcis 
21 percent oxygen, providing a ready source 
of highly reactive oxidizer. Jet airplanes 
can travel great distances with far less fuel 
id ak-balr-Mexepeeloy-be-le) com nelel <olmivolel(omncre|bnnKcn 
because unlike jets that travel in air, rockets 
alors] maebalcialeyemlemeetomuc(uluieeme/mcjey-Cecm-lave| 
must therefore carry their oxygen supply 
videmeatcene 

(Coyatercralen-iccromselconi(epei(omcoyusstmerauecnl 
goes from being gently life-giving to life- 
threateningly fierce. It’s fair to say that the 
real power for most rockets comes not from 
the fuel they burn, but from their oxygen 
supply. The Saturn V moon rocket, for 
example, ran on kerosene. (Yes, we made 
it to the moon on diesel fuel.) But it wasn’t 
the kerosene that was special, it was the ten 
cubic yards per second of liquid oxygen the 
Saturn V consumed at full thrust. 

Given how intense oxygen is, it might 
surprise you to learn that it is the most 
lolbneler-balmel(cseaCcvalmeyemcr-Uudarm-lorcoleielalalem oye 
nearly half the weight of the earth’s crust 
and 86 percent of the weight of the oceans. 
S]ULmdalemermellm-velemaelcmelecr-balce-lnomeat-le(emerele 
of pure oxygen but of its compounds, and 
as we will learn from fluorine, the fiercer 
idatems) (c)anlcvelmmualemasleynceciicle)is 
its compounds. 


<@ At-183°C, oxygen is a beautiful pale blue liquid. 





» Anemergency oxygen 
generator for aircraft use: 
Because when worse comes to 
worst, the one thing you need more 
than anything else is oxygen. 





ESE rears crrres etercstsesay re 
RR arate strar terete oink ce ne fi 
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A. Disposable 
oxygen tanks for 
hobby brazing, 
and as a retresh- 
ing pick-me-up, 
hold very little 
oxygen. 








» Inelement 
collections, 
pure oxygen 
can only be 
represented 
by aseemingly 
empty bottle. 








» High-pressure 


for use by medics. 





A The mineral apophyllite, 
KCa,Si,O,,(FOH)-8H,O + 
KCa,Si,O,, (OH,F)-8H,O. 


eeda t-1e) (Roy AZe (Van et-lale 
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FLUORINE IS AMONG the most reac- 
tive of all the elements. Blow a stream of 
fluorine gas at almost anything, and it 
sil I Molbnnclmpselcomsl-lea(cn Mor-lmbal@helelccmustnatcs 
sate) aXe)wont-Vinvmdetelercdslmeymr-lcparclesteat-le) (or 
such as glass. Interestingly, the more 
reactive an element is, the more stable Tablets |: 
are its compounds. Calcium & Fluoride |" 

When we say fluorine is highly Suppleu=aa) 
reactive, we mean that a large amount "3 
of energy is released when it combines 
with other elements. The resulting 
(Loy en} olelenalelw-lkemi(c) miacle-Le) (om olererc Lone 
the same large quantity of energy must 
oYeRoLelmor-le @lemim elem ic-velmecon(cr-lmielsoee| 
apart. This energy must be supplied by 
some yet-more-reactive substance, of 
which, in the case of fluorine, there are 
precious few. 

WW eeu cntelimtclealoeicmerrcdelhvyaciele)(e 
fluorine compound is Teflon, which 
was discovered quite by accident. So 
saokctanv@nacyele)uc-velmolalcvaetler-lwat-kVcu olerel 
ehiserey(c)ucrem oyia-(eelte(cvelmeat-lmeyelcmatats 
COM nVoyalelsomiUar-larcmolbreleeme)melbienleylcsn 
chemists are. Or maybe they are 
just exceptionally good at spotting 
serendipity when it ruins their day. Teflon 
was discovered when its unexpected 
Ke) waetclaCoyemeeyenle coh mucliaCemclem-laccentele 
to create the first chlorofluorocarbon 
refrigerants, which have now been 
lo-vabalexe Wr-lomoyA0) el omre (10) (lena lem anlever-lecre 
Not a bad trade, I'd say. 

Teflon is almost completely resistant 
Koel alcan eb lore m-lae-\e) em-valemee)eter(elcsanecl i av 
also very slippery, which makes it useful 
nO Mave) mY aul etemane)eemeleyelis(e.q@el-velmrer-(elee 
storage bottles. Fluorine is important 
je)abant-tul aya olerer-lehioue) mustoncie-le)(< 
compounds it forms, while neon forms 
no stable compounds whatsoever. 


ides arg 


Florical = 





Fluoride supplement 
tablets. 





A 37-pound cylinder 
of solid Teflon®. 


Fluorine is a pale yellow gas that reacts violently 
with virtually everything, including glass. This pure 
quartz ampoule probably held it for a while anyway. 


Teflon® stopcock ina 
laboratory burette. 




















Beautiful purple fluorite with hydrocarbon 
impurities that tint the center yellow. 
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Gore-Tex® WHITE 
Tetlon-based fabric. IGE 
FLUORIDE TOOTHPASTE 


mitted ate(- 


toothpaste. —«tvrasmoumr 


/ 
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Gore-Tex® 
industrial filter bag. 


9 
. 


Teflon® 
non-stick 
frying pan. 
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Neon 


NEON IS LITERALLY up in lights. As in, 
up there, in those lights, there is neon. 
So close is the association between the 
element and its most common applica- 
tion that Times Square and Las Vegas are 
described as being “awash with neon.” 
Opel hi Commo) E-LatavebecMmenncrelimeor-Nnelmuarclt 
(oKoyalectoa melon ojt-larellearmcyeyestcmmelcrovels 
lights—the orange-red ones—really 
(eKoMoreyavectiamelcre)ePMl's acre: Walled stave)iectece 
electric discharge is run though a tube 
filled with low-pressure neon, the gas 
red CoN ice o) uked OLme) e-eleXons Kore mlem-BLUVZA‘aliele 
down the center of the tube. (Any other 
(oo) Ko) emr-Dalem acm alolmalcelemmaleleBIMUVelvmcce 
a tube where the light comes from an 
Opaque coating on the inside surface of 
the glass, rather than from inside the tube 
itself, you've got yourself a mercury vapor 
(o} am 41g 0) Ko) emablolomiisiiom-mo)elonje)eleymoey-laratee 
Oliver Sacks, in his delightful book 
Uncle Tungsten, describes walking 
through Times Square with a pocket 
spectroscope, enchanted by the great 


<@ Neon signs really are 
made with neon, like this Ne 
tube. An electric current runs 
through it, creating the light. 


variety of spectral lines he could see. 

WW at-hace-valoldecomicchacencole-mexcselenbalemalcceyel 
light—by its unique spectrum, unlike that 
(oy lehiaeldaterme)(canelcy aime) me) atel-je)aleyn 

Helium-neon lasers were the first 
continuous-beam lasers in commercial 
use, and while they have been replaced 
ibelpent-banva-ye)e)i(erctuceyakmonm@lavencrel leave stcr-ye) 
laser diodes, HeNe lasers remain an 
spanholevuc-tolm-ye)e)i(eclaceemlemeinlkeolcestoele 
There are very few things you can do with 
neon that don’t rely in one way or another 
on the light it emits when stimulated 
with electricity. That neon has so few 
applications is masked by the fact that 
neon lights are so vivid and so widespread 
they make it seem like an important 
element, even though it would be one of 
the least missed. 

The least reactive of all the elements, 
neon completely refuses to react with any 
others. That’s something you definitely 
can't say about sodium, as we jump back 
to the left side of the periodic table. 


V Atiny indicator light, no 
more than 1/8 inch across, 


glows from applied 120V AC. 


» Pure neon is an invisible 
gas, seen here in an antique 
sample ampoule. 
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—— ae 
» Several 
thousand 
volts 
illuminate 
this neon 
sculpture in 
the shape 
of a Hilbert 


fractal. 
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SU PA a 
<4 Low-pressure sodium se ea ee ee a 


vapor light, which produces Atomic Weight 
horrible light very etticiently. 22989770 








Sodiu 


SODIUM IS THE MOST EXPLOSIVE, 
and the best tasting, of all the alkali metals 
(CusYencd(c)eeleyelicmane)eomuelcBelacimee)ilasleme)miale 
joXeruCoyehtome-le) (=) 





Density sgomesti 

0.968 i Ee 
Atomic Radius 
190pm N. Ps 


Crystal Structure ~ 


<4 Sodium 
















Explosive because if you throw it parser ntl ence 
into water, it rapidly generates hydrogen ssditonal 
gas, which seconds later ignites with nameis lye, 
a tremendous bang, throwing flaming is commonly 
olehiebaeWaem-l)mebsxcreus(oyatm@ Melcmeldatcymr-ll.e-10l sold as 
metals react similarly with water, but adrain 



























































sodium, overall, creates the most attractive opener. Ss — = 
explosions and is thus favored by mischief | x= 

makers the world over for throwing into — ~ 
lakes and rivers.) xy — = 

Best tasting because, together with ” : — 

(lal Coyunelsm@ AMD Lms coyusntceccerebibleamelelleyalel-Wmeye | a lm — = 
table salt, widely considered the tastiest of Wane ee THER EFT PANEL ) — 3 
the alkali metal chloride salts. Potassium THE BOYER CORPORATION La Grange: — — 
chloride is sold as a salt substitute for — 
joXexe) 0) (emeyele- Ley ivarrereniebeemellclemolelmim-\eleks — = 
a bitter metallic note to its saltiness. ™ — 
JrUbLoycollenaeMelslloyute(-w-vatemecryieeemeal (eyelets y —— 
are less salty and more metallic in taste, < Sodium-filled valve stem from — S 
iV evi Kom bidenionenmelal (oyule(emo)nelenelecce-molenualbarc raaeaaiait ity a — - 
sensation followed by an oily metallic gins Ure eee ee — 
aftertaste. — = 

Pure sodium metal is used in large » High-pressure sodium — ™ 
quantities in the chemical industry as a vapor light, commonly used — 
reducing agent, and while it might seem for efficient, not completely — Ss 
like a really bad idea, liquid sodium is used unpleasant light. =— ~ 
to move heat from the reactor core to the — 
steam turbines in some nuclear reactors . . ee = 
(yes, there have been spectacular sodium V The mineral sodalite - — = 
leaks). Closer to home, yellowish sodium (Na,Al,5i,0,,C). a — 
vapor lamps create more light per unit of las — = 
eKeformu ce avaeet-vemelcr-vuhva-lehyme)ielcymarselemanuall(s ; V Ablock of salt (sodium chloride) ——— = 
1nak-l abatem ofei0) 0) (omerele(csmueloanm ole) .qelcrlen for horses to lick. — 

Sodium is used only for its chemical ——aee S 
properties. The next element, magnesium, m— 2 = 
is very useful both for its chemical and its —— o 
structural properties. - a4 _ 

A3228 salir BRICK S — 8 6 is 
<4 These soft, silvery sodium chunks were cut with beg ape = a F: = 
a knife and stored under oil. In air they turn white in ws sa Ne Nn 950% a O oS L me) 
seconds; exposed to water, they generate hydrogen com ANIMAL FEEDING ONLY = i o xz § 2 - 
gas and explode in flaming balls of molten sodium. im = <x n 
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Magnesium 


MAGNESIUM IS THE FIRST of the truly = away from the surface fast enough to 


145pm Ne Fa 
Die a 


Crystal Structure 





marvelous structural metals. (Beryllium, keep it from lighting. Magnesium is used 

element 4, is a fine metal, butits high cost in race cars, airplanes, and bicycles, 

and toxicity keep it from being marvel- despite the occasional mass fatality when 

ous.) Magnesium is moderately priced, a magnesium race-car frame catches fire. 4 Ablockof magnesium engraved with that 
strong, light, and easy to machine. About —_(Eighty-one people died at Le Mans in element's physical properties. 

the only downside is that it’s highly flam- 1955 when a flaming magnesium-bodied 

mable. car crashed into the stands, an event not 





Magnesium is so flammable that you —_ considered serious enough to stop the 
or Tam itedalm-Mulelolovemeymimisidek-mest-lceere-letel race.) 






































































fine powders of it are positively explosive. N/LE Tol oD neloyucmere) sabeslove-lucm-lileycnoys —— = 

Early photographic flashes were nothing lacbesvealeseoM@ec)Must-lmeovele-llem-B(aimeonaoels <—— 

ianle)ucmUat-vem-Mublelelcomolellometyore mone) loniia-! magnesium. Confusingly, wheels made of — o 

oLbuime) mont-teaalecsleleemeleneroominicon-me-tevelle this imposter are often referred to as “mag a =) 

sdtVenormctaemank-Vanymenlele(couemensnelcccoalel(e wheels,” even though they are 60 percent ¥ 9 — 

mixtures contain magnesium powder to JaversnraCcomuatcVemenblemeatetcaeCcxvitresmayatcrcyhs : OP — _ 

create a bright and loud report. (which are also available, at several times A Amagnesium A Early ribbon holder used = — rs) 
WM oleNiCelmdot-lmlacmetctenvect-le)(omecntcdels the price). block campfire starter. to expose contact prints. —— 

seem like a deal breaker for using But as marvelous as magnesium is, — 

° ° — S&S 
magnesium to make car parts, but in for overall supreme goodness as a metal is —— S 
large solid pieces, it’s surprisingly difficult there is really no competition: aluminum @ — 

Com rssavitorme Melcmolbllq@antcie-lmeeyatene(onmelerle wins hands down. — 
P ——— S 
a S&S 
— co) 
a =) 
= s 
V Magnesium powder —— S 
photoflash kit from the — 1 
= 2 
—e = 
5 
i) ee >) 
jn?) 
‘e) __ 4 
A Magnesium film reel. na — 8 og” 
i fn: = 
Cc a Lu 
oN 7 oo 
<@ These magnesium nodules grow during the refining » Asolid magnesium o xq E 2 
process and are usually melted down into useful products. of- am ol e-] Mantel lan eiaren lel os i <x n 
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ALUMINUM IS PRETTY close to be- 
ibatcmdotcm Ce (cr) mentcae-lemdaloleredamimeelel Comets 
improved in a few ways: It could be as 
cheap and easy to weld as iron (26), or it 
could take to casting as well as zinc (30) or 
tin (50). But overall it’s very fine stuff: light 
and strong enough to form the structure 
of most airplanes except the most exotic 
altcdetgelevucoyuaat-velecmenvllle-Unva-lien-VLMM cl 
cheap enough to be in every kitchen. (It 
wasn't always cheap: When the pure metal 
was first produced, it was considered a 
sale) o) (om aelcit-le-l operas (elcome) (om-belemSIAV oe 
NE Tore) (clove ODMYo) microm evicwentecimlenloreyac-vale 
guests on aluminum plates; ordinary 
princes and dukes had to settle for mere 
reo) (6) 

Aluminum’s signature advantage 
over steel is that it doesn't rust, which 
makes it all the more surprising to 
learn that aluminum reacts with air 
even more rapidly than does iron. The 
difference is that aluminum “Tust” is a 
tough, transparent oxide, also known as 
corundum, one of the hardest substances 
known. Exposed to air, aluminum 
instantly protects itself with a thin layer of 
this material, harder than the metal itself. 
Iron foolishly coats itself with a red flaky 
JeXey oles mud ek-tmcreloyeWe-lIMeynemey.colesierem inate! 
jaelcle-VmCOMnUlusetcome).¢(er-laloyer 





A. Nodules created by pouring molten 
EL aalial i lalcek- ol (el <-\ 8°) WN7- 1-18 


<@ Etched high-purity aluminum bar showing 
internal crystal structure. 


is]ULmelercyomeConiuerm-licvasveeleleamucr-linars 
very reactive. Powdered aluminum is a 
loy-Ksy Lom balcancrel(cvelmbamectecelcmemir-kiemeleiuelon 
and rocket-fuel mixtures, and its sale 
below a certain particle size is restricted 
for this reason. 

Aluminum minerals are extremely 
cLoyanventeyarmiarelecebsatcacielelemer-kilecw<\s 
Koya bbatelbssem@ualceeccsalcjulom (e)usemeymablonva-varel 
sapphire) and beryl (the generic form of 
Slentereclemctarem-lelvr-vect-vuletcomalielestsaleren| 
in minerals and rocks makes up a large 
part of the crust of the earth, as does its 
saleycdaloleympbameetomolcsn (ole l(ome-le) Com yl i(ae)en 


ALUM 
POWDERED 
ROMEO T. ROBILLARD 


PHAR MACIS1 


. Miatks 
While sod Parker brew te 


Gondser, So 








A Solid block of aluminum for testing purposes. 


VY Metalized (aluminum coated) Mylar 


emergency blanket. 





A Antique and modern medical 
Alum (potassium aluminum sulfate). 








V Heat sinks use 
aluminum’s high 
thermal conductivity. 





<< Aluminum is never 
WEX-Kom Colmant-XelCot-] Maat 
plants, but this one was 
nate le (We Kelme (oLoa col aa Co) 
practice on. The bone 
is real but the aluminum 
implant is just pretend. 
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“Firefly” aluminum has a 
mixture of fine powder and 
coarse flakes to give arandom 
sparkle effect to fireworks. 









a Sax, 











This bumpy surface 
is formed mechanically when 
acylinder of very pure aluminum 

is crushed under tremendous pressure 
oR Bie-Loiltol Rol mickelateliat-leat-iis] 11% 












A bad day 
at the factory 
sent this 
massive block 
of machined 
aluminum 

oh dat-MstoX-Tale 
surplus store in 
Seattle. 




















An aluminum cannon makes 
no sense, unless it’s just a model. 
This one was made by the author in 
shop class back when high schools 
still had shop classes. 










Aluminum oxide grinding 
disks are very common. 






A colleague's gift teases 
the author with chocolate 
encased in aluminum hard 
disk platters. 









High purity aluminum 
sputtering targets the 
size of dinner plates. 









Common aluminum 
cookware is typically 
made of fairly pure 
aluminum for good 
thermal conductivity. 
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EASES; Ei “i 
a ie | hen : a 
: : C O a “ Wier s ets es es es eee 
Nn Sag ee: Atomic Weight 
NS he 28.0855 
, Density aces 
2.330 nee 
Atomic Radius | 3} 
111pm \. , a 
SILICON-BASED LIFE-FORMS have The bones of the earth—the rock, Crystal Structure “~=="" 
been the subject of speculation in science _ sand, clay, and soil—consist in very large 
fiction ever since chemists pointed out part of silicate minerals, combinations A This silicon boule was pulled out of the 
that silicon, of all the elements, is most of silicon and oxygen (8) with smaller melting pot prematurely: We're seeing the 
IUCR Uap oleited ol ole) umer-tuele)eM(o)MereBIRE-10)I6 amounts of aluminum (13), iron (26), underside, where molten silicon dripped off. 
Lava Cowie) naemere)an}e)s.q@ente) (ce bit-lmeer-tbaly (or one hon AU) -bale me) sete) nem (O)al hiae.arsexcral 
in some ways not unlike the long-chain occurs in a larger quantity than silicon in 
(or Viole) amanle) crerbl (cme et-lm-lnomucr-Conarcmaents the earth’s crust. So if the computers take 
text. (That means you.) over, they'll have plenty of raw material to 
But it now seems quite clear that breed with, or whatever it is they do.) — 
when silicon-based life emerges, at alolo)uimaatomeyslnmselielcmuat-lmelele jeu merchuc —— = | 
least on this planet, it will not be due a lot of silicon in it is you: While some sea —— 
to silicon’s ability to form molecular sponges grow bones of silica glass, your — ~ 
chains, but rather to its ability to form bones, assuming you are not a Sea sponge, a =) 
semiconducting crystals. Computer are calcium phosphate, in the form of — 
chips start out as common white silica rigid hydroxyapatite foam with almost no See . — 
loyer-Vol ocr-Vale (cil CexoyemelTey.a(elc) Tee Resale Beets silicon. It is unclear why most earthly life A Abowltul 7 nices silicon chips. = = 
saCcre0 a AY Ole) W Kerel 0 OTed (MO) MYALE-U EMO) Ohi 01614 OLUI KoA CAVO) AU cLOMUL) TereMOlelmuley(erelicelermyli(eevameyel av , oa —— 
silicon, etched with patterns beyond the in incidental ways (unlike those clever sea — 
resolution of visible light. That this can sponges and computers), opting instead 5 —— 3 
loYexeloyelen-lm-llB ip icoeet-lae-le)Comaer-lmrelens for phosphorus—which, as you can read — 
average child’s toy today contains more on the next page, is in tragically short — 
(Loven oveianetca elev iVcimlet-lemietewavore)iComasteleyel supply. — = 
rockets is the kind of thing that turns — - 
civilization on its head. Or replaces it. WV A Venus’s Flower Basket’s glass (silica) skeleton. — 
V Large silicon crystal .—— A 
boules rejected for 5 
otal] Maat] Lalo p — os 
A Silicon is not silicone! This implant is — = 
made of soft silicone rubber, not hard — 
crystalline silicon. — 
— = 
WV High-purity refined silicon. = — - 
= : 
— = 
— s 
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2p 


<@ Low-purity—but pretty—molten blob of 
silicon from the first step of refining from sand. 
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Phosphorus 


IN ELEMENTAL FORM, phosphorus is 
nasty stuff, particularly the white phos- 
phorus allotrope, discovered in 1669 in 
jmk-banlo)bnnca-lalemucy)oleyetsile) (cm lem ac to BKOyn 
JaXelhoyiet-melbruemect-lmeinmconselomesneleietemial 
one of the great firestorms of World War 
UM Gank-tesetecyiepeemrelecselelt-lavmeleyesley-w (case) (a6! 
the buildings; white phosphorus burned 
the people driven outside). Even today 
white phosphorus artillery and mortar 
shells are used in warfare with horrific 
results. 

But in the form of phosphates 
(Cofoy an} oxelbnatekmecoyale-vrelatcmuele PO, eroup), 
phosphorus is vital, and was for most 
Colm ahelent-vemallice)ava@s/(-aiiealiovetcwk-lecoymial 
the growth of food crops. Depletion of 
phosphorus in the soil has caused mass 
CLEcTarccla(oy alc dalnelorcd sLelLmaliiceymvar-lale meals 
search for its replenishment through 
guano, bonemeal, or other fertilizers 
determined the fate of civilizations. 

Nrolmebalel Miicmlcr-vuelccemlomeatcmanttec: 
1800s how to create fertilizer from 
phosphate rocks was a technical solution 
to this shortage found. Phosphate 
fertilizers are arguably responsible for 
1d aComsa.qo)lolcyLoyameymalorent.lemoreyolelt-laeloyatmne 
the point where water, not phosphorus, 
is now the limiting factor in many places. 

Phosphorus in pure form exists in 
several allotropes, or molecular forms. 
Red phosphorus is relatively stable and 
widely used in matches as an igniter. 
1S) Tol qo) atelsye) ale) abicw cw er-ne MnO ant-l qc 
and rarely seen, as it has no important 
applications. White phosphorus—toxic, 
pyrophoric, and used mainly in war—is 
fairly close to pure evil, though if it were 
judged purely on the basis of smell that 
contest would be won by sulfur. 
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A Ahome-made strike- 


anywhere match bursts into flame. 
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common form. 


















bp 
1 
4500 





6s 
| 





4000 


3500 


5d | 
YTIYTTYTTTTTITTTIT 





Dp 
HI 
3000 





5s 
| 





2500 


phosphorous is 
the most stable 
form, but rarely 
seen. 
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A. Back when matches were 
a dicey affair, they were stored in 
fire-proof match safes or wall-mount- 
ed holders, just in case they decided to 
go off on their own 
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Atomic Emission Spectrum 
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<@ Modern matches still use 
phosphorus as the primary igniter. 
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2p 


<4 This rare violet phosphorus is considered to be 
a mixture of red and black phosphorus, not a true 
allotrope in its own right. a 


» White phosphorus is deadly, and must 
be kept in the dark or it will convert to red. 
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Sulfur 


SULFUR IS SMELLY STUFKE there's 

just no two ways about it. It’s smelly as 

a powder, it’s smelly as a solid crystal, 

Vee Mi aleyemiMcmolerwallercmyolemelate(ciucie. tere! 

why many traditions fill their hell with it 

(sulfur’s historical name is “brimstone’”). 
Many sulfur compounds are similarly 

bbahe) (orctcr-laleme el lc)mectenleyaremeatconemanyenneseccel 

sulfide, the smell of rotten eggs. Sulfur 


that sulfur is very useful. Vast quantities 
of it are produced and consumed in the 
olaTeraeblor-lmnaleheiomvamouloot-vulhi@remeslemieucn| 
of sulfuric acid, the workhorse acid for 
countless manufacturing processes. 
Smelly as it is, you can buy bags of 
powdered sulfur in any garden center for 
use in adjusting soil pH. (For some reason, 
sulfur is generally considered an “organic” 






Ninety-percent 
pure sulfur is available 
cheap in any garden 
center. 


Large crystal of 
pure native, or naturally 
occurring, sulfur. 
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compounds released from burning material, not like those nasty “chemical” Dusting — 
coal, oil, and diesel fuel are major alternatives, though frankly I find that “a Wettable — = 
components of urban smog, and cleaning assessment a bit hard to fathom.) ee S \f . —— 
it from exhaust streams and fuels is now Sulfur smells bad, but you can handle * li i — ~ 
mandatory. JEVucxeucvaee)Uslacheymlmcr-Viclha@lelloyutetcmmeyel yaa : i = 
Sulfur is also one of the three basic ld atomeldatcvmm ek-baleematctcm-belr-liealonimoe)icrcKr-lele a i — 
ingredients of gunpowder, and thus has smell in low concentrations, reminding iy — 7 
id atome) (oloLe moymacvllblovelmeveminwar-velelcn people of the pleasure of swimming - — S 
Is there anything positive to say pools. But watch out if there’s more The mineral pyrite a 
about sulfur? Well, it cannot be denied than a trace around. (FeS). — 
a Ss 
The characteristic smells — = 
of garlic and onion both | — 
Sulfur, in this form, drips Borne tron culur * — 
from equipment that scrubs compounds. — = 
harmtul sulfur dioxide from — on 
coke plant emissions. — 
— c=) 
a =) 
= S 
—— = 
— = 
= 2 
Antique apothecary sulfur. - — = = 
_ — 
3H oe 
Penicillin (C,,H,,N,O,,S) was once so rare, ‘ve LN 
84 ul (@) 3 Cc = 
they collected the urine from patients to reuse it. Tani /Yele/zoler oS 9 2 
This 100ml bottle, for treating horses, cost $7. =z 2 - 
oc” oe 6 > 
c aol Lu 
o “E= 2 6 
Sulfur occurs naturally in fairly pure form 9 = E £ zs 
around volcanoes and geothermal vents. nm “== < n 
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CHLORINE WAS USED in World War I as Chlorine liquefied by 
a poison gas during the grueling trench- the high pressure inside a 
warfare phase. Soldiers would position aline quartz glass ampoule. 
of gas cylinders at the front lines, wait for the 
wind to shift toward the enemy, then open 
the valves and run like hell. This practice— 
sometimes overseen personally by Fritz 
Jk-loloyemr-Went-vemeleiou ole ylehucmeeyeleulelenaleyers ae) / 
to humanity are discussed under nitrogen 4 
(7)—was slowly phased out as experience 



































































SJ aLoy nieve ma ak-Uapnoleredslhyacre [ore] malbnasleonmeys 3 — = 
soldiers on both sides died regardless of who 0 Soran an <— ” 
set off the gas. fontents when di — _ 
I have inhaled whiffs of pure chlorine, | ‘ording to ainstre 3 — S 
— 21000 en. ft. of air ret — - 
saColm cs eLolorcd om comer-Lelicmieylelmiaelenm e)neley-Le) hv ts a medication of — 
close to the edge. The sensation is one ' A large block of salt (sodium chloride) for = rams per lites — 
of pure, instant agony, as if someone is livestock in areas where soil salt levels are low. om Lake ide Laborate a ~ — = 
pointing a blowtorch at your sinuses. Death Ross, Inc., Dist — 
loaolalloyubelemeslcBanvelimelcmenavieet-leatet-lo)nm-anuiele —eaukee, — 
(Oyatdelcnojdets)met-velemmonslleyutetniel — = 
Jaa mcleelolevel ecm Mey eleme) mualem@eler-lelecim — ~ 
most effective, and least harmful of — 
disinfectants, saving millions upon millions (OH Cola tar-d od (=t-Let ak Xero lV laaM aN exeveual(laic-OR-lateR-laltcel'(= — S 
OSM IAccmealnelerdemancrlseslcvelme)melutel eters medical chlorine for inhalation (in alcohol solution). — 
and wastewater, with no long-lasting — 
environmental effects. On balance, chlorine Salt (sodium chloride) from Death Valley, — =) 
has saved vastly more lives than it has taken. United States. — ” 
OlalCoyutetcmiwropeielemrement-vahiaceyententeyel — 
JaTonbicxs) aXe) (6 mela lovanbler-l km @jelloyulatcme)(er-leemie-! — S 
Yo) LULuLeyemeymcrecebneleamanrerele elleywicom@Nt-(@LO)E i i 
and can release chlorine gas, with its — 
characteristic odor, when combined with — =) 
any acidic material. Common table salt — se 
itomcrofenibnanmelalleyule(sm@nt-(@))Me-valemdalsmant-tie) i 
(oXo) nn} ole) ales aime) mcicoyank-lolem-lelCe mim encelnerealeyale Calcium chloride is commonly — = 
acid (HCl). available in pellets for melting -— - 
Chlorine is a diverse element, widely dis- — snowandice. — 
laulo)biccrembamer-lavencrm-lalemelelteyurelcmleyetmoer-vuale te —aee S 
Jox-uccm ba ank-baleie)Comibneleiale)etsme) Muaulalcmeynct.vet as 2 = 
isms, from nerve conduction to digestion. a 
NiVahiQemelalleyanelcmce-elamoloaatcelmeymaatemnieyucen 5 = I _ 
argon earns its title as a noble gas by staying DO S= a 6” 
above the fray. c 7 | FE = 
a x) 
Chlorine gas has a pale yellow color, just visible oa | TBE 2 > 
against a white background. mn “= =< n 





aS 
> °] 








50 


Argon 


ARGON, FROM THE GREEK for “inac- 
tive,” is exactly that. Nearly all its ap- 
plications relate to the fact that it is the 
cheapest totally inert gas. Nitrogen, N,, is 
even cheaper, and inert enough for many 
applications, but at high temperatures 

it can break down, while argon remains 
Hbalatconcvelehvar-varemelalcvet-l.e-le)hymenaleltcnocitcrel 
in chemical combination (except for a 


AW atcmc-loimest-lanvelemerlemolunvacjent-llmentoar-l 
cylinders of argon gas in retail stores is 
thanks to the existence of gadgets used 
to protect opened bottles of wine from 
op. <(e F-Lule)em ena ce)o)eyearcmeysmeatomololad(omnulanl 
argon. (As far as I’m concerned, it would 
be much easier just to drink the grape 
juice before it goes bad; by that simple 
expedient, we could avoid an awful lot of 






Damaltels 





& Pale glow from 
electric discharge 
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few highly unstable compounds of purely wine snobbery.) pressure . — 
academic interest). Argon is surprisingly abundant in cylinders of ——— = 
Edison's first lightbulbs used a our atmosphere, nearly one percent by argon gas are L—— 
vacuum to protect the filament from weight, which accounts for its relatively common in — _ 
ob a(oFctuloyermonuimeslerelssuemleter-lalelaeoell low price. Commercial argon is a by- labs for ies 3 — = 
lo)Ulloycw-Ducmbeliccr(emall Cre miyliom-meslDqnelncneye jo) xore LUKOLme) mualemo)nelelbCeuteyemeymare| bite! a shield gas. — 
savLeneyexcyom-velem-luccoyem-lmalcr-vmr-lusslelje)elcia(e oxygen (8) and liquid nitrogen (7), both of ™ — 
pressure, allowing them to have paper- which are produced in huge quantities. a — 3 
thin glass walls. (Fancy, smaller bulbs are Moving on to potassium, we are back 7 —— 
filled with krypton (36), xenon (54), and/ to elements that are intimately tied to — 
(o} am ak lloyexevemexc tio mnOk-lileiaselcsimalt-veetoales worldly things, in this case radioactive — = 
Com olbinom eCelaccimr-balemsalumoyurcasicom bananas. — 
=s Small disposable WV Pure argonis an WV This quack medical — =) 
7 argon cylinder for a invisible gas. “violet ray’ machine — a 
wine-protection gadget. created an impressive — 

. argon violet-colored — Z 
l(-You du (ome [tel a-1ae(-Ke)) ss =) 
no medicinal value. — 

= Z 
» You can’t see — - 
the argon filling this — 
| double-pane window | — = 
because, like the glass, — S 
it's transparent. | + — 
= : 
<= § = 
ae 
O = C _—— 
2 FE 2” 
= tl 2 
a 2 ) 
<4 Anoble gas, argonis inert and colorless until an 9 a § 2 me 
electric current excites it to a rich sky-blue glow. i <x n 
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1RVaUD) LO Ja\ On MAYA Se bya Va Vea Paterwalm (crim er-1es 
JaXoy iva deem elcr-Collbatcmonltdelmucr-lemim-Bucjeleyaton 
got hold of half the facts. The reassuring 
truth is that virtually everything you eat 
is radioactive, bananas just a bit more so. 
SyclercDarce-UucmuCOembemeelcmieniolevur-lelmeleieut 
ent potassium, and about one hundredth 
of one percent of the potassium atoms in 
the world are the radioactive isotope “°K. 
This trace accounts for a significant 
sne-Coqaloyeme)meslcmar-laeln-lmoy-Cel ccanelerere| 
radiation we are all exposed to every 
day. Intriguingly, the writer Isaac Asimov 
speculated that the level of “°K radiation, 
which has been decreasing on a billion- 
year timescale since the formation of 
idaleMst-ludeMmels)kcvueatbateremdalomivrarele\iaeys 
opportunity for intelligent life to evolve. 
AKofomaelocel oMas Q@lemdelemcr-Venacr-lulemeyncavcralicre| 
1d aKcmKopuaek-Ha(oame) man-tcallomloyercmexeveloyentcHm rele) 
Vine omad @tcitcs move mncerel (omeet-lcomuelcmeclicneyl 
eee eclalojamer-Valemeelelcmualseclicke)asae)iblaleyer 
too slow to accomplish much. 












, AG 1° 
RE | id 


<@ Bananasare high in 
potassium, thus both 
healthy and radioactive. 


<@ The purple tint on these soft potassium cubes is a very thin oxide coat- 






» Very pure, un-oxidized 
potassium is a bright 
shiny metal. 


judbhnen-jolccebl t-laleyeme) Mee lelnromelvlalt 
is interesting to reflect on the idea that 
siVs im alololm ealentchuleyebonalelblecremeslbleclnleyemanic 
might not be here to speculate. 

Potassium, radioactive or otherwise, 
is one of the alkali metals, and therefore 
fun to throw into water. More reactive 
than sodium (11), potassium bursts into 
loYer-LOLGTAUI Yale) (coma t-venCocmealcmierie-velmimelles 
water, typically with such explosive force 
that the fire is spread some distance in all 
chixreiate) etsy 

Tol dalen orexenramorele-licjievesm@nemuals 
form of the K* ion) is critical to nerve 
transmission: If levels get too low, fingers 
start to freeze in place, and death follows 
if the deficiency reaches the heart. The 
cure, if medical care is not immediately 
available, is to eat bananas. 

Potassium keeps things moving in the 
body, but calcium is what keeps the body 
in shape. 


' Organic 


Traditions. 


Greensand 


NYS - 


SALT ALTERNATIVE 









ing. Exposed to air they turn black in seconds. Exposed to water they would 
r¥.4 ol Coe (-MeT-Vale late Rol imetal-le-Leacclaraccem lla od(-era-\ohil-luallale Reine) os 








= 
Agricultaral | 1 nected. 


Tr wight te 
_ ee | 


A Potash (potassium 
carbonate) and sulfate of 
potash (potassium 
sulfate) are common 
fertilizers. 


<4 Sodium-tree salt 
(potassium chloride) is very 
slightly radioactive. 


WV Admirably shiny potas- 
Tena oda) oF-1a =e ona Kove) | (Your 
tor in Germany. 

Keeping the metal free 

of oxidation is extremely 


difficult. 
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Calcium 


SAY “CALCIUM” and most people think 
of white, chalky things, or perhaps milk. 
AW alemcjno)alomercli (ae mmelst-ll eumr-Kcmlamdalcmiveliis 
cliffs of Dover, is calcium carbonate, 
while chalk of the blackboard variety is 
today made of calcium sulfate, properly 
known as gypsum. (The “lead” in pencils 
jks ole) mm et-Celome)m(orclem-lalemeeyanvente)ammeet.lle 
Kw ale) mp aat-le(ome)meler-llemiver-lm mimi yliem's ale 
ing instruments and misleading names?) 

Xo) am ealelcme)melat-llem-belemuatcnorl(ovlenee! 
KoLulaeWiemeslilem-tncmee)enlolelurelelneys 
calcium. The pure element itself is a 
shiny metal, similar in appearance to 
aluminum. You rarely see it in metallic 
Ko) u sem olccerclelsiom im menelcji-le)lcmien-tie 
(eKcToroyanyolescvnetcae-beunvmn-lo)(olhmbalconer-lleribnan! 
ahve luey.ele(cm-velemer-l(oieneemer-Iuole)er-lcomisello en 
as you might expect, are chalky white 
substances. On contact with water or 
acid, calcium metal generates hydrogen 
gas much as the alkali metals do, but 
at a slower, controlled pace that makes 
it a useful source of small amounts of 
hydrogen. 

We're always told that calcium is 
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Calcium metal in a canister used to generate 
hydrogen for an obscure military purpose. 


Surprisingly, pure calcium is a firm silvery metal. 


Only in compounds is it characteristically chalky. 





Chalk is made of gypsum 


important for strong bones, and it is (calcium sulfate). 


Hh aelcrexe Want) (0) mere)enloleyelcyelmeymereyale 
sanvaaleyn-UevA-haloyemenet-leeveet:] Mole)atcnw-then-\ 
rigid hydroxyapatite foam, a form of 
Janyeln-lccre mere] (ovLblanmye)ele)-jo)et-lcc) Pu sLelmnyelile 
Hhmcw ole lst) Lo) om com iaatteanalen ole) alccwmast-lels 
of something else (such as glass—see 
silicon, element 14), the calcium ion’s 
function in the biochemistry of the cell is 
santeyucmabealer-baetcsele-] @r-l(olereemimeeyelie-laleay 
saatestatcmlom-velemolelmeymecc) | (ym entereltclunets 
the action of nerves and muscles in 
such important ways that the body will 
begin to dissolve bones rather than allow 
lo) (oXore Morel Cohibbeem (avomeon rll Mmlemr-lom 
(oy aTem dalcroy mia oles) iecm sat-lm oleyelecmeave) hice! 
initially as a way to store calcium for just 
such an eventuality, taking on structural 
sabbaloialoyelcmeyelhia@-cm-vem-TAtciaeetelorcd sles) 
Calcium is among the elements that 
life requires in substantial quantities. 
Others, like selenium (34), are required 
bamavehvar-Veslolerelacm(e)m|OKim- Beane.) eler-lyAcre| 
VavAsnelecmelel Mole alconcrm bl comcver-velelloene 
jakchVem- lone) hbitc) hrm ae macnaleialoyemiVsr-lieleaies 
shal dalom olere nya 


The mineral calcite 
(Cor) Kot Vins Kot-Ta efeyat-1(-)» 


Seashells are made 
fey Rot=| (ot UlaaKet-1a efe)at- 14-3 


i ___—_ a 


A canister of 
calcium hydride, used 
to generate hydrogen 
to inflate weather 
balloons. 













Rare 
BEM Cliele 
coral 
» made of 
calcium 
carbonate. 


; 


malice! 
dragon skull 
made of 
hydrated 
calcium 
phosphate. 
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SCANDIUM IS THE FIRSTof the and bicycle frames (all of the expensive | Scandium- Crystal Structure ~~~“ 
elements you've never heard of. The total —_ variety). Scandium iodide in high- aluminum alloy is 
NiVcoyuComun-VolemlomcrercuaCenLUNeeWDeW oLUrncmeslcieVl i CMmmmmBTOLCcrelvinimentclecledat-litelemeltcveler-lacten ited avatars < used in high-end 
form is less than a hundred pounds ayear, transforms what would otherwise be F bicycle frames for 
so it’s safe to say that very few people have _ harsh light into a more pleasant sun-like S its great strength. 
ever seen this element in pure form. (The — spectrum. 5 
nn-Xelembamcyer-talellnenmey.qle (om icm-nelenatemtsael Metal-halide lighting is used where q 
tons per year, still a tiny amount by very large amounts of light are needed, : 
world standards.) on streets and in warehouses and Q 

Scandium is an example of an megastores. It is more efficient than any % — 
element that is expensive not because old alco mereynevaelovemercd slmcvelernecmcy.cocjolmrerelionan! e — = 
it’s particularly rare in the earth’s crust, vapor, whose yellow color has a tendency * <— 
but because there's no place where it’s Ko aa T-1 com ole10) 0) (om ele) @ hi comAeyenleyioce-lave| — _ 
concentrated. For most other elements, Mle MuOLomenale)icr-cr-Dolmcoym-Venauallercmelele — =) 
even those much rarer overall, there is highway lighting. While LED lighting may — 
some ore somewhere in which it can be oh aTome thyme (e)entior-comeloomeloyestecwmestonlalcrcs — _ 
sColevace W-lmonkelelemebtcdelcymecoyaleccielen-le(e)ehmelelmmmmmn ce) lobes (cme) mite slmrOlemerlamcl Mixe)eames(cir-le — 5 
scandium is spread thinly all over, which _halide bulbs will continue to ensure its Fes —— 
makes it expensive to gather and purify. jo) Kerem tom salem olele)icomsaycmm Mitoesl lays -| — 

Scandium is used to make strong Scandium light is something millions . 5 —— = 
Tnateiecl icw-vaXemoyutcdeVmited cLacmaMunenracTestelereli CTeremnvslaatolblmcaycyms eler-laleremuatemer-leeten > Seandium- — 
TaauDCoreMnVldaM-VaslenvielbnasMerccr-liccRctoyesleKe)md olcMamaM Bie-valibsasMRe)aMdel-Reydelcial et-leleMm ici Mat-leate & aluminum Master a 

; ; me ; alloy ingot, the — = 
strongest aluminum alloys known, which millions hear, even when there is no Z L | 4 form in which — 2 
are used in fighter jets, baseball bats, actual titanium in sight. \e A ee b much of the re) = 
The mineral a world's scandium — = 
kolbeckite is traded. — =) 
(ScPO,,'2H,O). —— 
= Z 
= = 
= : 
<= § = 
es 
Scandium in 2 a 3 L 2 = 
metal halide lights | = — E > 
These vacuum distilled scandium crystals helps producea O SSS o > 
are destined for use in daylight spectrum particularly pleasing | 3 _— E 2 o 
metal halide arc lights. spectrum of light. rs Wm “SS < n 
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TITANIUM IS ONE OF the most popular _ the form of artificial hip joints, dental 
element names, so popular that marketers implants, and body jewelry (i.e., tongue 
apply it to thousands of products whether studs, eyebrow rings, and other such items 















<4 Aring 
naF-Letallat=xe en muat= 
EU tale migeluik- xe) {le 





id oleai@eceyale-Viem-lOMbr-lmune-velloneeme) melee commonly found stuck in teenagers). bar of 99999% 
If you have a golf club with the word Though titanium metal is expensive, are crystal 

“TITANIUM” prominently molded into its ore is actually quite abundant. The high / tanium. 

ldolemaatcie-V me) meslomehelopmdaliol qanulecn el-)(e)Ke cost comes from the difficulty of refining 

(Loyatolhelebnatemuat-lmimcm-leiner-llnia77/2/2i-ne) male-t the metal, not its scarcity. Titanium diox- 

nium. Some are, some are not. Aneasytest ide is everywhere. It is the white in white 

HMKOM aCe) (eMsaleR@blomelom-ter-lielim-meaulareltarss paint, and in all other colors of paint TiO, 

wheel: If you don’t see the characteristic is the opacity, the substance that prevents 

bright white sparks of genuine titanium, what's underneath from showing through. 

then you haven't damaged anything JE\(cia ad eV icmolele) ecm el-h ele) meeele-vnelmale-Velionan! 

of value. (eh Te).e(eCom Kom <orcjom ourelmeyeme)aConsy(e(omnne)en! 4 Gold-colored 
Titanium stands for strength, both SJaLoyiislatemesnelercdsmecomeslemeleelcym titanium nitride 

in name (after the Titans, gods of Greek From missiles to razors, titanium is a coating on electric 

legend) and in fact (it’s used in jet engines, popular superstar, and must be a source razor blades. 

tools, and rockets for its tremendous of great envy to its neighbor, vanadium, 

strength). It’s also completely nonrust- which labors in obscurity even while 

ing and nonallergenic, so much so that helping create an alloy of much greater 

it’s popular for use inside the body in Clancyetcddemeot-vamale-vallonene 







A Top half of an 
artificial hip joint 
made of pure 
titanium. 





<4 Clockwise 
from top left, a 
gear wire-cut from 
solid titanium, 
titanium speaker 
cone, titanium 
ring, and titanium 
piercing barbell. 


» Two golf clubs, one real titanium, 
<< A titanium “blisk,” short for bladed impeller one fake. Hint: 6061is a standard 


disk, from the intake stage of asmall jet engine. aluminum alloy. 
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The titanium beaded surface on Orig Ae FSS eee ee, 
this artificial hip joint encourages x . ) 
bone intergrowth. 
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All-titanium dive knife 
never rusts, and its low 
density allows divers 
to maintain buoyancy even 
if they drop it underwater. 





(O70) fe Mere) (ol =T0 
titanium nitride ~ 
coatings are com- 
marelakevakelalict-lare! 
milling bits. 





Titanium gorget, 
or necklace, anodized j 
CoR-Bol-v-TULLIV Me-lale toy te 
fore) fol ae 





99999% crystal 
titanium bar, created by 
hot wire decomposition 
of titanium iodide. 














Home-made 
titanium created by 
reduction of titanium 
dioxide with 
aluminum powder. 


Titanium dioxide 
is the universal 
white pigment. 


Titanium dental implant not 
unlike the one in the author. 


Titanium hammers are more show than 
substance. The 14 stands for 14 ounces: sTie-lallelaaKexey-1¢-%e| 
Hammers are sold by the weight of the head. rT -You dco) olf dlave R=) (-Yotdnexe( = 
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TOOL STEEL AND HIGH speed steel are 
seDaaviN Cc MO) MnO) OM@As)E-lICOncmeliunercabatvalce mony 
their supreme hardness, toughness, and 
wear resistance, properties contributed 

by a few percent of vanadium in the form 
OVMYEVor-Cebloienmer-bue)(eComUUenicmaler-hya(comlatzlel 
titanium (22), vanadium steel is also much 
harder. 

Because steel alloying is its main 
application, vanadium is most often sold 
in the form of ferrovanadium master alloy 
meant to be added to steel in the pot 
before casting. The master alloy contains 
rw nalblel eM eltcdelcymelevnecaele-txome)miccbar-Cenlonen! 
idak-bameeCom sat. mo)nerene(oemelbnm@mentslicmerlyl hv 
when added to liquid iron—unlike pure 
vanadium, which has a much higher 
melting point. 

WW aXe)bred eM alolmaler-vunia-eor-vesle)nelune-varel 
joey oqelecvax-Waet-ba <clalelcmccoueem-lRUle-levleneetmelel The green in many emeralds 
will find “vanadium” stamped prominently comes froma vanadium impurity. 
oval copnat-venacele) MMOs elbi coment-Danvm@lekie-balaer 
OVMULE-DavlLolooMoye-velelelcemuelume-lemelomr.lin hy 
sure that those tools really are made of 
vanadium alloy steel. Though tungsten 
carbide cutting bits now provide a 
Jak-Vne(cymrlitcouatcluaVommiccver-(ennepeemaltcdsmcjelerere| 
steel remains a workhorse of industrial 
saek-Celavuevsalca-velem-M-ie-lo)(mlemeavomvasleyesle 
workshop in the form of drill and router 
bits, socket wrenches, pliers, and so on. 

Power and grit define vanadium’s 
working life, but it has a dainty side as well: 
The green color of some emeralds comes 
Jaxe)oam-lemiealolelwinvae)mic-ver-Cepleienmm(@lepicce-! 
few otherwise hardworking elements come 
together to form the beauty of emeralds, 
which are crystals of beryllium aluminum 
silicate, generically known as beryl.) 

If vanadium makes some emeralds 
green, what about the other green em- 
eralds? Their color comes from a close 
saleyicd sloleyemelaineyeavloiens 





Chrome- 













vanadium steel 
tools are ubiquitous 
Taatelachne-lacei elect 
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Molten pure 
vanadium forms a 
lovely surface. 
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The mineral 
vanadinite, 
Pb,(VO,)5Cl, 
from the Apache 
Mine, Arizona. 
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This elegant vanadium sculpture is actually a tiny 
chip cut froma vanadium cylinder ona lathe. 
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Chromium 


THE CAR INDUSTRY went through its 
chrome phase in the 1950s and ’60s, when 
cars were decked out with acres of blinding 
A atxe)eatemixepesmoleren}olomeomelevesleromeliccn-liars 
since the bumpers were where much of the 
chrome resided). This type of chrome, like 
virtually all the pure chrome you will see in 
everyday life, is a very thin layer of chromium 
metal electroplated over a thicker layer of 
nickel (28), which in turn is electroplated 
over a base of iron (26), zinc (30), brass, or 
even plastic. 

A microscopic layer is all you'll normally — <—~ — Crystal SH UCtUre 
elo) mUaTcRe) Cciaecyelmlemolrncmioyuesmmolvimeliley icv! 3 s visible sie this high- 
with iron and nickel, chromium is a key de 
ingredient in stainless steel, making up as _ 
much as a quarter of the weight of some 
stainless alloys. Chromium is also very 
cLoyanbasteyalavmerycremiulsamiecwelcs(cdeloleyemucver-cellonen! 
CA u remo evneyentcrarcbat-ellovenmcitcrl eon ialcon-vahv 
Jak-VuehWeclncmcicopncm-velemlmnisll Walolme-l.<omvolem lovers 
to find a crescent wrench, socket set, or other 
tool with “Cr-V” stamped on it. 

Extremely shiny, highly corrosion 
resistant, and beautiful in so many ways, 

ld oLemopalAVmucr-lie)emelsbnevenvielsame)c-leler-mjehmelare| 
instead of silver (47) in jewelry is that it’s just 
too cheap to be taken seriously. One place 
where chromium has displaced silver is in 
“silverware”; our eating utensils these days 
are chrome-based stainless steel in all but the 
most pretentious settings. 

Chromium is valued by artists for the IS, i. Qhins TENE 
rich green pigment it creates, known as wi "BT BEY i ae alld ‘i ey es A> 
chromium oxide green for fairly self-evident ee. Ah AY \ 7. 28S 
reasons. (Not to be confused with Paris green, 
which is made with arsenic, element 33.) 

©) aTeKe) me elem ntucim e)rcanelcvelecrmcelereremnel 
cave paintings tens of thousands of years 
(oe) (ep peat-lelemalelmisidemeletnejsevielesmeelmyysiuel 
manganese. 
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<@ Chrome- 
vanadium socket 
wrench proudly 
advertises 
heKeat-tualter-] 
composition. 
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» Chromium 
oxide green Pe x 
isacommon we 
edtelaat-val ale 
paints and 
glazes. 
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A Super-high-purity vapor- 


<@ These chips show the result of plating chromium deposited chromium crystals. 


until a thick slab is built up. This process, called 
electrowinning, is how high-purity chromium is 
obtained from solution. » Common stainless steel is around 20 percent chromium. 
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Manganese 





MeETaerlarest= 


ALONG WITH RED IRON OXIDE, black 

manganese oxide pigments are among the 

earliest known, having been found in cave 

paintings dating from at least 17,000 years 

ago. But the most interesting episode in 

manganese history is much more recent. 
In the mid 1970s, there was much 

excitement about the riches to be made 

oo) NeToqat atemank-vereectalcnyom slerelbllccminesemsals 

deep ocean. The eccentric billionaire 

Howard Hughes set off a manganese 

rush by commissioning a special ship, 

the Hughes Glomar Explorer, to probe 

the ocean floor northwest of Hawaii and 

Jak-Vavcl@LAMoLOLelelarmeymaetclatecclavenrom alerenel (oe 
The whole thing was a complete 

lie. Hughes had been hired by the CIA 

Kom or-Duulel|oy-lncmbem-lemot-loleye-ltcm eye mists 

ruse. The real purpose of the Glomar 

Explorer was to raise a sunken Russian 

ballistic missile submarine, the K-129. 


\Y The author traded a mineral dealer this 
nar=KefalLitex-tal a aareteCoXel laesticee (uit-laleF-lareex-Ker-lactear-1<-)) 
crystal for several hundred lesser minerals. 





<@ These rough slabs are created by electroplating 


manganese out of a solution until enough metal builds 
up to break off. The bumpy surface occurs naturally as 


the current finds the path of least resistance. 


The CIA knew that any sort of deep-sea 
yo) eyuchaloya mem sat-lmor-lume)maslomelecr-tel 
would immediately raise suspicions, 
unless it had an airtight cover story of 
such sweeping scope and detail that no 
Co} nYom 0) Uimr- Mere) als)e)in-Cenymelelmyvorel (omient-teatetcmie 
was a cover-up. But that’s what it was. 

Yes, there are manganese nodules on 
idalemelercr-beW a lole) mmolelmaleneyalsNs\'(>) mantalels 
Vena calepelcnmanevenmselcvenmm-valemealeci@il<oky 
no one ever will. The CIA didn’ get their 
prize either; the section of the submarine 
(Loy ahe-dnelbarcm dalemeelelslele\e) <me)ne) <cmOvIm-BIE 
was being raised, and in the end they got 
nothing more than a few torpedoes and 
six dead Russian crewmembers, who were 
lo)thutcrem-lacicr-Miuldemecvliie-larm@sleeleynce 

I guess we should mention that 
manganese is actually quite useful, its 
sankcloate-}0)e)0ler-haloyemeloinatcmnam-ll(oncwant-lels 
mainly of our next element, iron. 


» Manganese steel is prized 
for the sharp edge it can take, 
as in this straight razor. 


<4 A genuine, if worthless, 
nas lale F-latssxemaleye (OL (-Moxe) | (Kei caXe 
from the deep ocean. 





A. Manganese in the bronze of this putter won't 
help your score any more than the dozen other 
exotic elements tried for golf clubs. 





A These 
antique glazed 
tiles show 

the use of 
manganese 
oxide as a black 
eytelaatal a 
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IRON IS THE ONLY ELEMENT to have 
an Age named after it (the other Ages be- 
ing Stone and Bronze, which are, respec- 
tively, varied mixtures of compounds and 
an alloy). Iron richly deserves the honor; 

if you're going to name Ages after their 
primary toolmaking material, iron is abso- 
lutely without equal. You could argue we're 
still very much in the Iron Age. 

When people describe metals such 
as aluminum (13) or titanium (22) as 
being lighter, stronger, or more corrosion 
resistant, they are always comparing them 
Kone) eComealiatcemine) ohm olcceclUKicmromealicner-h\m@ineyel 
in the form of steel remains the metal of 
industry. When push comes to shove, if 
SOLEMN: Volmcon oveil (omcveyantciselbercm@ucrlihvwme)tcame)s 
really strong, iron is what you use (the one 
exception being when it’s supposed to fly; 
then weight settles the argument in favor 
of a more expensive, lighter metal). 

The fact that iron rusts so readily is 
one of the great lousy breaks of chemistry, 
responsible for untold billions in costs 
every year. But in iron’s favor are its very 


VY Cute 
salesman’'s 
sample of a cast- 
iron stove, made 
of real cast iron. 











<4 Medieval horseshoe shows pitting from 
centuries of slow rusting. 





low overall cost and its ability to form 
an astonishing range of alloys whose 
properties can be finely tuned, from 
super-hardness to extreme tensile strength 
Kom ebtcdoMisloyrclaceyamer-baeve)latoam MelcmcreKicmnyliel 
which iron can be welded, cast, machined, 
forged, cold-worked, tempered, hardened, 
rVavelereU cre mmol echnisn bur veleme<clelcyn-lAvmelevucier-Kelere! 
to take on unlikely shapes and tempers is 
bhaKsreqersl (cre Moyvaclenvaelsalcymantcie-le 

So important is iron as a metal that 
it’s easy to forget that many forms of 
life depend crucially on iron atoms, 
such as those trapped in the core of the  lronis synonymous with tools, but not all are as 
protein hemoglobin and responsible for _ fabulous as this Chinese marvel. 
art ets) oLeyuabarome.qrceccsembamelelme) (olele Mu NKOye BTS 
dalermeyelcmoymaetcmante\imeluia(er-lme)meatomenlialeys 
constituents of the human body. 


> Ke 
Metal ions are often found at the core aren 
ed iron horseshoe 
of important enzymes. For hemoglobin it’s | magnets 
iron, while for the very similar chlorophyll 7 B  Araweakin 
molecules in plants it’s magnesium (12), . =| comparison 
TaXe Wiemselome)LUCcm e)lolelemeymcjo) (ele) now Tare! to modern 


horseshoe crabs it’s copper (29). For | > alternatives. 
vitamin B,, the core is cobalt. | } 








<@ Stainless 
steel chain-mail 
glove used by 
butchers. 





A Asection of 
ateWi X= Ket] ¢)(-) 
that pulls visitors 
up the St. Louis 
Gateway Arch. 
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A Highspeed 


steel milling bit. 
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» This two anda half inch diameter iron 
ball was one of many ina load of canister 
shot, fired from acannon during the Civil 
War and found over acentury later ina 
forest in Pennsylvania. 
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lron meteorites are 
often sliced and polished 
to show off their internal 
structure. 









A huge iron wrench 
head for 4-inch nuts. 
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} This ammonite fossil formed 
| outof pyrite (iron sulfide, also 
| 
| 





known as fool’s gold). 
| The gold color is not 
| painted on, it’s 
! completely 

natural. 





mlateexe Lal aeyal 
nails were so valuable 
they were carefully Ve 
recovered fromburned . 
buildings, but with mass 

Fifty pounds ofironin —productioncame cheap/Aae 
ALM KOLELIROLE-RILiNe XelUace ubiquitous steel nails. | ms 
weight. Ps 















Castiron 
cookware is heavy, 
but indestructible. 
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WONTON MLO) toms LO) Meroyententevemuents 
sentiment is, but for years cobalt was 

an element that made me feel nervous. 
LesWaek-lamclcrelet-leceyemiomeenmestaccnm-vatel 
doubtless in that of many others, was 
with nuclear fallout. But that’s just a 
particular isotope, ®Co. Although this 
IYO) K6) Ooms Kwa elelcrere Maltedel vm u-lellor-Celehycrr- bare! 
siVeckowre me ler-Kel hymecoyasheleyalcvelme)meatom eli Celbnt 
snxopaede-laealesjo)alcyu(omenelelcr-tmoleyeslomtcciiwial 
the 1950s, ordinary cobalt is not radioac- 
tive at all. 

bel t:(olemere) oy-lim ec mejeniccmeynenler-lay 
metal, similar in appearance to nickel 
OAs} Par-baleMUnicrommbl <cmnstclehvae)meatomelielcys 
Van eleyeLecw eam Ua lim alerted sloleyuslolereme) musts 
joXeyu (ole (om e-Le) (or-Keer-Meeyenveleyeloelmbemccs.| 
alloys. Cobalt steel is one of the hardest 
and toughest alloys used for drills and 
milling machine bits. 

Aficionados of glass trinkets will 
Haatoy Wa elem e (o1<] 0M 0) Lvl om ere) (oy meme) or-Uhe 
glass, used in everything from bottles to 
electrical insulators. (For some reason, 
glass insulators from old telephone 
wires, power lines, and railroad signals 
are avidly collected, commanding 
shockingly high prices on eBay.) 

The blue comes from a trace 
(0) more) of-Vimecoyanyolelenalele-le (etre mnonuale 
glass, and actually has a more serious 
0) 0) 1(ercha Ce) am oleate) ave Me alcr-yomolelal (ecu lare! 
overpriced antique insulators. When the 
very strong yellow emission lines from 
sodium (11) interfere with spectroscopic 
measurements, cobalt-blue filters are 
used to block it out selectively, allowing 
other colors of light through. 

(Xo) oy lim-vele Biecwalotcd sloleyemal(el <olem-tis 
chemically quite similar, but nickel has 
rk: Dem ovted aCcymm ole lo) sceme)neyal (ommoyunact-Dulhvaelele 
to its frequent presence in American 
eXere <aice 


<< Acobalt electrowinning button, built up by 
extended electroplating. 


A. Cobalt-aluminum oxide 
has been an important 
pigment for centuries. 


» Cobalt-steel is widely 
used for milling bits. 





A Rare pale cobalt 
blue glass insulator. 


<4 Cobalt glass 


. = telephone-wire 


insulator. 
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Nife<-) 


NICKEL IS WIDELY USED in coins, as 
reflected by the fact that there is a U.S. 
coin called “a nickel,” without further 
(oh er- Viv ater-haloyermact-l.eletemaatomnio)nemmal(el<o) ia 
loXo)dam-vems)(cjeetovalm-lalem-meloeleyenier-leleyer 
And that’s information I wouldnt’ give you 
a nickel for. 

Pure nickel is everywhere in daily life. 
It’s plated over iron (26) to prevent rust, 
and over brass to make it colorless rather 
than yellow. Huge quantities are used to 
plate automobile bumpers. Because of its 
high value, the metal is stored in special 
warehouses under armed guard before 
being applied to the bumpers. (About a 
joXeerarem ome) t-uccremeyalconsr-(eemolvienlelommnveyaiel 
between $5 and $25 depending on the 
JaVtedalavmaheCerabr-lunetcw@ent-vu<cimoulacne) mello «om 

Sometimes, but not always, the 
nickel layer is covered with a thinner 
layer of chromium (24). Plain nickel 


WV Antique nickel-plated dollhouse scale. 


<@ Square-cut chunks of nickel electrowinning 
plate are used in the anodes of electroplating lines. 


je) Echabatcmtwrelbeelembamelaliie-lur-tem-to)e)ile-taleyars 
because the layer of chrome affects only 
the appearance, giving a brighter, more 
joXeru Ceres hymanvinneyull.ccm-)evselomeet-lemel(e.<ole 
Rustproofing is provided entirely by the 
nickel layer. 

Nite <2 Boel rok: Reeve sy oleyelcselmeymcie-bellents 


steels, and more exotically it is a key 


ingredient in the nickel-iron superalloys 
used in jet engines. These superalloys 
maintain high strength even at very high 
temperatures, for example in the exhaust 


gas path of a jet engine. Titanium (22) 
can be (and is) used in cooler parts of the 
engine, because of its lighter weight; but 


ike) meelomOublavm@alcllbiem (e)ermel(el.<oeanneyem-lileniss 


are the metals of choice. 
U.S. nickel coins are actually only 
about 25 percent nickel; the rest is copper, 


JaVic} Ko) u Corel | bm dalcmasloymole)eleleclmeeprararee 


metal of them all. 


» Nickel-metal hydride batteries 
are losing out to lithium varieties. 








<4 Chemical mixing propeller 


» Nickel-plated handcuffs 
show off the beauty of this 
metal when properly plated. 














<@ Nickel/chrome 
nodules like this grow 
up where insulation 









4 i C=You dae) ol E-Ldlale Ba-loLee 
+ j 
_ They are a beautiful 
~. nuisance to the 
plating industry. 











\ 7.2V 4500MmAh D 
RadioShack: ; ' 
NICKEL-METAL HYDRIDE BATTERY 


**alaklgalatlea’’ 


made of Hastelloy C nickel alloy. 
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Copper 


COPPER ISWONDERFUL STUFE Just around the world, making it one of the first 
wonderful. Many other elements have useful metals (hence “the Bronze Age,” 
some kind ofa gotcha about them: maybe — which guess sounds better than “the 








<@ Brass, a copper alloy, 
has been used in jewelry 
from ancient times to 

dateMaaexe(-laanaat-1i 


Crystal Structure ~~~ 





they are great in every way except they're 
poisonous, or they would be perfect except 
they explode when they touch water. Cop- 
per has no gotcha—it’s just nice stuff all 
around. 

Copper can be toxic, but it takes spe- 
cial effort—eating large amounts of copper 


Copper Alloy Age’). 

Copper is the only reasonably priced 
metal that isn’t more or less gray, quite a 
remarkable fact if you think about it. 
1S\(<) mimi eled (ome) eleue) maatomalenerelncrecxeyele| 
metallic elements is some shade of silvery 
gray, except cesium (55), gold (79) and 







































































sulfate, or routinely eating acidic foods that copper. Not surprisingly, copper has been ———— = 
have been stored in copper containers for used in jewelry since antiquity, where its <—— 
along time. Extended contact with copper __ only real disadvantage is that it tarnishes — _ 
objects rarely causes harm. Infact, copper slowly, while gold remains bright forever, a =) 
latcKoe-valetesl(oneleyt-|me)nejeouatocmeat-lmeet:l qe at six thousand times the price. (The main — 
it useful in hospitals for doorknobs and disadvantage of cesium as a metal for — = 
other surfaces on which infections may jewelry is that it explodes on contact nN — a 
loYou of-cisiere Ml elo lercdemelk-DuestMeymulslcmaenicia(ers! | with skin.) \ Toe —— 
healing powers of copper bracelets are, of Unbeknownst to the ancients, copper  / VS — 
course, nonsense). lakeKow-Valeldalsimpallece-lduale)blncmm dalemcyerneyarer i. oe J — = 
Copper is soft enough to be worked JaVfed elexcymc) (cre1uuler-] mecoyaCoLbCeruhiiayae) m-bahv { — 
LU Kcy nate ok-b elem (ore) ioe) mea elece (ecm Oley Vom ele) icy metal. Vast quantities of copper are used eye : a 
é ie aie ane A Amini “periodic table — = 
yet hard enough to be made into very for electrical wiring, making it as vital in — = 
; , table cast by the author in — on 
useful things, especially when alloyed with the modern age as it was in the Bronze Age. sure copper — 
tin (50) or zinc (30) to create, respectively, It may not be as pretty as copper, but I ) — 
bronze or brass. You can even findcopper — will forever hold a special placeinmyheart » ¢, spersmiths make — = 
in native metallic form in several places for the next element, zinc. cups and pitchers by hand — 
from copper sheet. — 
ts, te <4 Solid copper — = 
a ) heat sink for a 2 d » This hand-hammered — 
| CPU chip. ae 2. pure copper ball is purely — 
| A Sub Ce decorati — s 
| | | | VSS; ig ecorative. — = 
Hh i » Bronze is = | a. — ~ 
| | Din ULY-Ye Nl aP-lat-lile| it oe) oa — 
b om | |||. statuary the : e — = 
| EERE world over. 2. i — = 
a TEL! TU ‘|| Thisisacheap “a. ee See —— 
|} | Chinese =e i fn ee = = 
|| trinket in > i AFA je s = =) 
|], heavy en Lea aa 5 
| bronze. oe eee 2 3 
A i, o s= ‘5 3 
| {i pate? > 5 zo € = 
SAL dy sc] | 5 
<@ Half-Persian 4-in-1 weave chain oa E 2 - 
ate KM ine) saKexe) ©) X-1ak-1 (Xe talot-] BAIR S |a~= <x n 
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\ Copper electrowinning nodule. 















“ Copper 


r\t-Youdaot-]| 
| for-] o) (Maal foie 
< Apig? The pig Vatol Ue] se) 
on this penny from (or-] a A100) 
Bermuda celebrates amps. 





the importance of this 
animal to the island. 


<< Copper earring: 
the copper hanging 
loop may be a problem 
as some people are 
allergic. 









A Large Japanese commemorative 
naveXeF-] Mantle (“Key koxe) 9) ol-1e 















<4 Copper pipes, joined with 
solder, are common targets of 
thieves stripping abandoned 
buildings, due to the high value 
(o} Yel =] oKexo) ) of-1 











V Copper has become expensive 
enough that some people are offering it 
in bullion form for investment purposes. 


pte Ee y% ey W 7) i Ch A)A\. 
ML DEON TON Ot 


_ i - 
- a - <= % i Pe 
=e yon Ven VPA A 
TT ¥ woot has 


a 





719 





a 





a 
= 
i? = » 
e 
£ 





el 
tar 


= er" 
wh. 


OUI7Z 





80 


Zinc 


THE FIRST METAL that the ancients 
learned to cast was probably either lead 
(CYA Mo) om ol <3 u k-bekoms elem ere) 0) ele) m@Acye-UiLent 
known as bronze. But the first metal I 
learned to cast was zinc. In recent histo- 
ry it would have been more common for 
a child to start by casting lead or tin (50): 
that is what “tin soldiers” were made of 
loYe) Co) nem s elcava-l) maebwalcremo)t-lialomm@r-lienals 
ldoleyanm-lmeleentomilcclee-mee)envecteyemelole)envaiel 
datomtOleidame) mahi@c-leeloom-velemcse-veleltlualon 

But I arrived too late for that, 
vale m aComevelnmence-lm morelellemsreremiyine| 
a low enough melting point for the 
kitchen stove was zinc (from scrap roof 
flashing, and later, starting in 1983, from 
pennies). As a casting metal, zinc is 
quite practical; indeed, it is the primary 
component of inexpensive “pot metal” 
alloys used for casting parts that don't 
need to be particularly strong. 

The reason pennies are now made 
Je)abactclulhiae)mArelombelciccr-leme)mee)eeleys 
is simple: the value of a penny sank 
until the copper contained in it was 
Vo) u eM aeloyncmaet-balr-molc)evahiar-meeyenye) (cite) hv 








i -Welatto(-® 41 ilo 


EIU date) a-Ee-Ketati (eh 


<@ Sacrificial zinc anodes are used to protect steel 
tanks, rails, and ship hulls from rusting. Since zinc 
oxidizes more easily than iron, it corrodes first. 


vor dave Baat=\o(-M oh maats 





untenable situation for obvious reasons. 
More recently, around 2008, the price of 
VAVeomDOMAUNMOMUabncr-LKc)elcrem Comer. cacremeyale 
penny per penny’s worth, prompting 
serious discussion of converting 
joXeveval(ccmcom-livvecveslelssMmeslcmEcKim nour: 

of worthless coinage. (A far better 
solution would of course be to eliminate 
pennies entirely.) 

(Oj alet-hoyAtelond oy: lire melolmastcie-l meat 
no respect, but consider the indignity 
suffered by zinc when used in sacrificial 
181016 (exceed W ol cxcyom 0) (0L0) <0) mc) E-Le lm ey mre) IG! 
zinc are electrically connected to steel 
structures such as bridges, railroad 
tracks, and the hulls of large ships. Zinc’s 
job is to slowly dissolve away to nothing, 
its sacrifice generating a small electrical 
potential that protects the more worthy 
iron (26) from rusting. When the anode 
has given all it has to give, a new one is 
unceremoniously bolted in its place. 

NY Codrat elem uted olar-lloyarcamercllbivesmicee! 
much mote interesting element! (Sorry, 
saXOLMcacs em lm Molele) @e)maatoms) (entcalicmertel 
zinc get much respect.) 


(zinc carbonate). 


<@ The mineral smithsonite 


A. Common household bolts 
are almost always zinc-plated, 
or galvanized. 








A Apost-1982 
US penny split 
open to show its 
zinc core. 




















A. Modern 
recreation by the 
author of an 
antique crow ’s- 
foot zinc, used in 
early batteries. 





A Note the air 
holes in these zinc- 
Tam atst-Lalave pt-lie| 
batteries. 
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Gallium 


MERCURY (80) IS OFTEN CITED as the 
only metal element liquid at room tempera- 
ture, but this reveals a climatological bias. 
In more tropical, less air-conditioned parts 
of the world, gallium and cesium (55) would 
be on the list too; they melt at a comfort- 
able 85.57°F (29.76°C) and 83.2°F (28.44°C) 
respectively. 

Even in Alaska gallium will literally melt 
in your hand—quite an unusual experience, 
though one youre not likely to repeat: While 
gallium is not known to be toxic, it tends 
to stain skin dark brown and is best played 
with in a plastic bag. 

Gallium’s low melting point finds a 
jo) u-Ke10Cer-Vir-ye)o)iCer-luleyemlem-morclccraltcem-li lent 
known as Galinstan—its name from the 
starting syllables of gallium, indium (49) 
and stannum, the Latin name for tin 
(50)—which is liquid down to -2.2°F (-19°C). 
If you buy a fever thermometer today that 
looks like a mercury thermometer, it most 
likely contains Galinstan, because mercury 
Jakckom olerovemoy-tavetcremlemeet-lm-loje)bter-laleyem eye 
years. 

But gallium’s most important modern 
use is in semiconductor crystals. (This is 
true of most of the elements on or near 
1d oLoment-texo)ar-l@bbeCome)Mo) (cresloelecw ealeyiuan-ts 
metalloids.) Silicon semiconductors stop 
working above a few gigahertz, but gallium 
arsenide circuits operate as high as 250 










» Gallium arsenide Crystal Structure 
computer chips ona 


wafer. 








» Galinstan-alloy 
fever thermometer. 
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A The mineral bauxite, 
while not primar- 

ily a gallium mineral, 
contains impurities 


Af 





AVY 


gigahertz, which is at the upper end of the 
microwave frequency range. 

Gallium is also present in nearly all 
light-emitting diodes (LEDs), in the form of 
rexeUINLbonm-bucieveuleCcmmexclitiepesmellen(elcmmiatenionenl 
exeMUbLelea marlon (elcmm-Vneleavbalessemexcliilunsemaniuute(en 
and numerous variations thereof. 

But gallium’s usefulness in semiconduc- 
tors pales in comparison to the fundamen- 
tal and ubiquitous role of silicon (14), and 
ld olcmevicicoyulerl Bae)(cMOymeelcyimaslelabr-lmalcitcdsleleye 


< Gallium melts at just above room temperature. A 
blow-dryer turned this perfect cube surreal. 





of this element and is 
the major commercial 
colli nex-Keoh aia 


» High-purity gallium 
destined for use in 
computer chips. 


<< Blu-ray® gallium 
nitride laser diode in 
operation. 
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Germanium | 


GERMANIUM BEARS the English name _ the history of technology as well, as the 
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"a 
ee es 


iKo)mr-entelelsouameeleielemtar-lave Wim dalemeyel hv first diodes and transistors were made 

such element that is stable and com- not with silicon but with semiconducting 

mon. All of the others—francium (87), germanium. Silicon transistors, while 

joe) Coyavnevectm (erg percvelemcteatciulelieleem (c/o) os superior in some ways to germanium 4 Antique A Germaniumis 
are radioactive, were discovered much ones, work only when the material germanium _ opaque invisible light 


JE-\ecreme-balemr-bncw ale) mlolereremnemer-laelncn (ok-veh(@mmmmD wl ele rcrelle)nmolelnommnisall(omeccsuent-venielen| 
appreciable degree. In grabbingelement __ transistors work at the lower purity levels 


[foe [-¥ but transparent in 
infrared light; hence this 









































names for your country, it pays to get ADE lol(emlemualemenlleMAluemGceluelarar-lmuele lens is useful despite 
there first. dawn of the semiconductor age. appearing completely = 
When Dimitri Mendeleev in 1869 Germanium is still used in epeate — = 
created his first systematic arrangements _— specialized semiconductor applications, L—— 
of the elements, which would eventually — but these days its main uses are in fiber — ~ 
loYereroyaelemi alcmaetecel<su0m olcrucelentome-le)(omele optics and infrared optics, where lenses a =) 
bravely left gaps where he thought as- saetc(olomovmeccouast-lalienesm-le)oler-lmeesne (arch — 
yet-undiscovered elements must exist. opaque to the eye but are transparent — 7 
Germanium, discovered nearly twenty to invisible infrared light. Its use in bath — S 
years later with properties that matched __ salts for medicinal purposes is popular Y Molten germanium —— 
Mendeleev’s predictions almost exactly, ha f-Ney-leMm-loe-lncw-BE-lomalepesleloomeymeliatcon formeceystalson the sur: — 7 
filled one of those holes and helped surprisingly nutty ideas. face as it cools. — = 
establish his periodic table as one of the Also surprising is that arsenic, — 
most important scientific discoveries of besides being a notorious poison, has , — —— 
all time. health benefits—though for chickens, os = — S 
Germanium’s importance extends to not humans. a | — = 
<< High-purity germanium — = 
crystal bar. —— sis 
» Germanium dietary — S 
supplements and bath = —— as 
salts from Japan are — 
largely just silly. OXY —— = 
GERMANIUM — g 
= : 
F Slimnstone | RE aS a a = 
| re | ae me 2 z 3° 
<< Bulk commercial germanium is sold in ingot bars: This ein eo * aa G 6 = 
is the broken end of one, showing the internal crystals. 7 nT <x n 
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Naxclaile 


PARIS GREEN, or copper acetoarsenite, 
is one of the few chemicals that can be 
used both as an artist’s pigment and as a 
rat poison. 

Given how strongly arsenic is 
associated with poison, it may come as 
a surprise that it is intentionally added 
to the feed of chickens raised for human 
(oy aliobeeheleceyemmimaeruslMeleimuat-lme)ucs-laile 
arsenic compounds are less toxic than 
pure arsenic, and actually promote 
the growth of chickens. There is some 
evidence that very low concentrations 
SaaEc WY OLom Kore Uli nero WKOyme)olunant-|maler-lieemoel 
chickens, possibly even in humans. 

Chem) aCoyel (ol elelmucr-llavacielye)uhiou-venceyaler 
however, that under some conditions 

the arsenic in chicken feed can end 

up getting converted back to its toxic 
sbaloyuct-tancem ce) uaePmeccraleve-lihiacjolcr-l qnateamnualerel 
an idea sounds as stupid as intentionally 
feeding arsenic to chickens, it probably 
is.) 

Another idea that turns out to be 
as stupid as it sounds is using arsenic 
as a pigment. Paris green, also known 
as emerald green, was popular in the 
19th century—William Morris himself, 
the great arbiter of taste in Victorian 
England, promoted its use in wallpaper 
over new-fangled synthetic pigments. 
sMetcmaxe)ble)(cmicctmset-leremer-venlemsietcitiel 
winters mold growing on the wallpaper 
converted the arsenic to gas form, which 
sickened and even killed those living in 
the room. The more green your wallpaper, 
and the damper the winter, the sicker 
Yo) e oX0) em Ore )bl le Bimolom dat-lmuatemoe)enleareyel 
belief that damp weather is unhealthy 
originated with green wallpaper? Move 
to anice, dry climate for a few months, 
and you feel much better! But was it the 
pleasant weather or the fact that you 


<@ Glass ampoule filled with 
pure arsenic metal granules. 


| ACHE 
PARIS GREEN 





NET 
WEIGHT 


weren't breathing arsenic vapor anymore? 
Unaware of the latter possibility, people 
at the time naturally concluded it was 
the former. Besides, who's going to argue 
with a doctor who orders you to spend a 
saateyaudem-im salem olr-(ears 

While it is an unsettled question 
whether arsenic in very low concentra- 
tions is an essential nutrient, the next 
element is well known for having a dual 
nature as nutrient and poison. 


A Paris green, copper (Il) acetoarsenite, is 
equally useful in pigments and rat poison. 











» Chromated copper 
arsenate-treated wood 
is now banned, but still 
found everywhere. 






_ <@ Why someone 

would carry a small 

-  tinof arsenic, | do 
not know. 










W This gallium arsenide microwave » Amixture of realgar 
amplifier is like a city unto itself. (As,S,,) and orpiment (As,S.). 
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SELENIUM IS AN ESSENTIAL nutri- separate light meter unnecessary. A Crystal Structure “~--~" 
ent in small amounts, but too much of it digital camera is in effect several million 
is toxic. This is true of quite a few sub- individual light meters (pixels) that 
stances, but it’s particularly relevant for display their results in the form of an 
selenium because people, animals, and image. The image itself is a far more 
jo) EVolacmore)entenloyalhvacieliccsm oleldamaneyeem core) comprehensive measure of whether you 
much of it and from too little, depending __ got the lighting right than any individual 
on the concentration in the soil where meter reading would be. 
they live. Moving on from selenium, we reen- 
Some plants, locoweed in particular, counter the halogens: in the liquid shape, — 
seem to require more of it than most, just barely, of bromine. — = 
and the presence of large amounts of <—— 
locoweed indicates high soil selenium — s 
levels, and a potential danger to livestock — =) 
(oXeldeWaxoysomdelencrol(csavionecm-valemaneyeomials — 
fact that locoweed itself produces a A Interesting surface formed when — _ 
neurotoxin unrelated to selenium). selenium is cooledina mold. — S 
| Roloom iaecicole a: hylelommuatcmeyulelones-l a 
modern interest in selenium revolves rapid selenium | MieeAi MET tol — 
around its response to light. Xerographic toner shampoo. — = 
photocopiers and laser printers contain a ah ee — . — 
cylinder coated with selenium in a form $46 mt ie — 
that acts as an insulator in the dark but a | cat 146 4aBBE cals eke gone OF — S 
conductor when exposed to light. A static nas - FL aR S25. E —— 
charge is spread evenly over the cylinder, ea — — 
wate - a eApOSen se ee Were A Selenium glaze gives this vase its red color. — = 
the image is bright, the coating becomes — 
conductive and the static charge drains V Selenium rectifiers (diodes) predate silicon and — 
off. Where the image is dark, the static germanium varieties, and were much larger. — S 
charge remains. Then a very fine black i = 
powder is dusted over the drum and — 
sticks only where there is a static charge, ree — = 
forming a copy of the original image notoriously high in selenium. —— ~ 


in black powder. Paper is rolled by the 
cylinder and picks up the powder, which 
is then fused to the paper with heated 
rollers. Yes, it all sounds very finicky, and 
it’s kind of amazing that xerography works 
at all. Before the selenium drum was 
invented, mostly it didn't. 

Selenium light meters were once 
an essential tool for any serious 
Jo) aXe) Coyeau-}0) ele) emo)bim salem uniene) men tcane.t | 
cameras has by and large rendered a 


Vv Selenium photocells were 
widely used in photographers’ 
light meters. 
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< A broken crystal of pure selenium. 
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EXACTLY TWO STABLE elements are 
liquid at conventional room temperature, 
mercury (80) and bromine. But while 
mercury is firmly liquid—it melts at 

oY Ache am Greloneh ©) -velemelelecwelelmeleylmonelal| 
675°F (357°C)—bromine's boiling point 

of just 138°F (59°C) means that it is just 
barely still liquid at comfortable tempera- 
tures. So close is it to boiling that a puddle 
of it at room temperature will evaporate 
AV hVa lem Me lolelemeymncre(elkvemelerge)(cmiccheloymial 
less than a minute. (Mercury, by the way, 
also evaporates—one reason it’s such an 
insidious poison.) 

As with the other halogens, bromine 
SJoleyele win mabsslee-lienecimocOlavonhmlemiele 
Kou enme)m (oyelspasiidalcianlelr-bem(o)alloncr-limeyem is 
Hhmcw LULo aia (one larcabatca@bam-malolmablonm@lel loyunele 
is the disinfectant of choice for cool-water 
swimming pools, but bromine salts are 
more effective at the higher temperatures 
(o) mw elolmabion 


Citrus-flavored sodas 
often use brominated 
vegetable oil as an emulsi- 
fier: just enough bromine 
atoms are added to the oil 
molecules to increase their 
density to match that of wa- 
ter, allowing the oil to stay 
suspended rather than rise 
to forma separate layer. 





The mineral 
bromargyrite, 
Ag(Brl), from 
the Schéne 
PANU ESS (e018 bd [at= 
Dernbach, 


Germany. 








AVN aXcoeWpalomlolevercatetcmnel-melolmabloy 
bromine can sometimes be found 
sleeping with children. Wait, wait, 

LUD aLOLMn is er-lmVolemsetial em@)uce-laile 

bromine compounds, typically 
i(c1unsloyne)ante)e)icje)acsale) WaWe-bucm-lele(cre mony 

law to children’s synthetic-fiber pajamas 
as a flame-retardant. While questions 
have been raised about the safety of this 

ol aTosanhcer- Pm dalembaet-texome)molbrmansetcemasteiccyel 
polyester dripping off the charred body of 
a child tends to dampen the criticism. (An 
alternative is snug-fitting cotton pajamas, 
si ov (olam-l acme lolmucrepenincremcomet-hucm-lelelcre| 
flame retardants because cotton doesn’t 
lo)bhuele-lowucr-(enlhvar-velemivalcveme elealcc wale 
snugly it is harder for air to get to all sides 
to sustain combustion.) 

The halogens often find themselves 
shale atomeni(olel (omoymcieloamell (envent-Kmeleer-lehis 
they are very active participants in the 


Bromine is liquid at room temperature but evaporates 


very rapidly into a deep reddish-purple gas. 


ee . 





Sodium bromide tablets used to maintain hot tub water. 





chemical conversation. Krypton is not. << 


i 
a 





Children’s pajamas treated with 


tetrabromobisphenol A. 
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KRYPTON, LIKE THE OTHER noble 
gases, steadfastly refuses to engage in the 
o)abact-lm\molorybalecime) me elcseal iim vem oleyalen 
ing. The stubborn inertness of this group 
renders the noble gases handy when you 
want to protect something from the rest 
of the world. 

Do dalemer-lyome) mW emigo)(e)eMmdalicmore)yi cmeleniuel 
to higher-efficiency lightbulbs. Cheaper 
sbaler-baeloxyecielmolblleje-lncmeeyanvasteyelnmall (cre 
ld om-bucxeyem@ Rc) m-Velelmeymevlenel:c)em@Armelent 
1d nom abtcd elcomp ante) (creblr-DannVclcdalmeym @myselneyel 
reduces evaporation of the tungsten (74) 
filament, allowing it to operate longer 
at higher temperatures where a larger 
fraction of the electrical energy goes into 
sacle) (om ited al epbolciccr-(eme)molcr-Lem@slelmeleyenl 
loXom Cole) (axe Pua cy em Malem eltedsleciercinelelcelay 
incandescent bulb still uses several times 
as much power as a compact fluorescent 
bulb generating the same amount of 
light.) 

Krypton, like neon (10), is also 
exploited for its spectral emission lines 
when excited by an electric discharge. 
But while neon glows with its distinctive 
orange-red color, krypton glows bluish- 
white, making it useful for photoflashes 
or for filtering into other colors of the 
rainbow. 

One of krypton’s spectral lines had an 
especially significant role between 1960 
and 1983, during which time the meter 
was Officially defined as “1,650,763.73 
wavelengths of the orange-red emission 
line in the electromagnetic spectrum of 
the krypton-86 atom in a vacuum.” (In 
1983 this definition was replaced with 
the one still in force today, “The meter 
is the length of the path traveled by light 


<< Like all the noble gases, krypton lights up when an 


electric current flows through it. The colors of these 
discharges are generally outside the range of colors 


you can print with standard inks, so this picture is only 


an approximation of what it looks like in person. 






A Before LEDs 
became a superior 
alternative, high- 
end flashlights used 
krypton bulbs. 


<@ Pure krypton is an invisible 
gas, seen here inasample 
ampoule from the days when 
it was so expensive that this 
represented a substantial 
quantity of the gas. Today it 

is purchased in high-pressure 
cylinders containing vastly 
more. 


in vacuum during a time interval of 
1/299 792 458 of a second.”) 

AVY obi Cem (eveteqdamiuctmeyelecmelcutelcomiuluel 
krypton, in practice it was almost never 
actually measured that way. Time, on the 
other hand, is defined with cesium (55), 
lo)Uimpente)acMOvaccyementerKibrnclemnsieomucleycerlelear 


» Ordinary lightbulbs are filled with a mixture 
of nitrogen and argon, but this one uses krypton 
instead and burns slightly more efficiently. 






















z 
Elemental™, # 


BEREEEEEEEE BE 
BEEEEEEEEER OU 
fiilii{||( | 6 
EERE UCU 
ET PE 
ca et Pa a | 
Atomic Weight 
83.798 
Density ae 
0.00375 a 
Atomic Radius 
88pm ‘ 
Crystal Structure ~-~~" 
































— Co) 
™ [am} 
we 
———— [i ) 
rn 
| 
os — = 
3 = 
——— [i ) 
— 
es) oO 
— oS 
[i ) 
an ba 
=) 
—= Co) 
——== So 
__ oS 
——— a 
— a) 
— ras) 
—s Wwe 
——— —— —— (oe) 
Lt 
—— o 
Qa. oS 
La oS 
—— aA 
a_i 
[i -) 
i =) 
— oS 
— a 
a 
— ae Co) 
wi oS 
== oOo 
—— SN 
7 > 
a 
a) 
ras) 
tO 
a) 
= So 
5 = 
= 
—_ 
. (6) 
(i) VY 
“oO (ok 
0 N 
c S&S 
rs} = 
(@)] ha o 
Cc n ~ 
= “n ~ 
—— € © 
-_ iT > 
— 
9 2 5 
(9) ro) —_ 
a) ~ 8 
Lu < ” 





~°] 
UJ 








= 
2 
2 
ae’ 
= 
a4 





94 


Elemental 


EERSEeER 
EER 
est se 
fe ee en 
Ip EE NL 
ess a a a 
Atomic Weight 
85.4678 

Density —— 
1.532 / 


Atomic Radius 







pvleyieliblag 







































































265pm sM ‘ 
RUBIDIUM IS NOT related to rubies, of heating coils and microwave coils. Synthetic rubidium- Crystal Structure “~~~” 
oldatcpmdat-vemdat-lmoleleemelsouavcmsalclimat-lents WW eeu eler-lcc) cml ole) eyAcmaatom able) (enieneem-balel manganese fluoride 
from the Latin for red. The red in rubies keep it at a stable temperature while the crystal (RbMnF.). 
comes from chromium (24) impurities, microwave coils are used to measure the 
satolmuclo)(oneleaPmuseblolemevolmitwet-leatomine)eel precise frequency of a specific hyperfine 
the fact that, like so many elements, it was transition in the main spectral line. 
first discovered as an unexplained line Rubidium atomic clocks are not 
in a flame emission spectrum, the line of as accurate as the famous cesium (55) 
course being of reddish light. Rubidium atomic clocks used for decades as the 
itself is not red at all; it’s a soft, silvery ultimate time standard, but they are still — 
metal with a very low melting point. very, very accurate by any reasonable — = 
There are precious few actual measure. They are also a whole lot smaller <— 
applications for rubidium. Its namesake and cheaper than cesium clocks, making — o 
spectral line accounts for one, the fable) (oulossomuleslemcle-velet-vuelmore)aabesteyere)t-(ae a =) 
purple color of some fireworks. Its other where very accurate time and frequency — 
applications mostly revolve around standards are required. — _ 
the fact that rubidium has a high vapor Wace) sal (omel ole) <cmmmanticd slmcvelenalemer-laleccone — 3 
pressure. ous, but they are actually more like care- —— 
In a rubidium clock, asmall (pea-size fully tuned radios than atomic bombs. — 
Kom sbalexcoualomyyAdmcicr-locemur-hice-venlelelelle Strontium, like rubidium and cobalt (27), A mineral in the londonite-rhodizite series, 5 —— = 
(Loyahectinvietca-Moy-Vushmiscsiie) (cm-beeteloralmeys is another element that has been unfairly — (Cs,K,Rb)AI,Be,(B,Be),,0.,,, from Antandrokomby, — 
rubidium is placed inside acombination —_ associated with nuclear fallout. Antsirabe, Madagascar. ——— 
— S 
— = 
= zg 
—= : 
= : 
<= 5 = 
3 53 
O oa ‘c = 
A complete rubidium clock cell, less than an inch wide, includes a i i og” 
rubidium vapor cell, heating coils, and transmit and receive antennas. = Ge € 2 
or 5 
PNR lan) Yelel(-Mexedale-lallate R-Mele-luKelmalle a Naaeteceathd-ealed(e (lan Rubidium vapor cell 9 = ae § 2 - 
metal. If broken open, it would rapidly catch fire. from a frequency standard. Wn “a= < n 
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THE STRONTIUM ISOTOPE “Sr, a of an exotic element to a batch of alloy Crystal Structure ~--~" 
component of nuclear fallout, is the black is for a specialist manufacturer to make 
sheep of the strontium family that has a “master alloy” that contains a much 
unfairly tainted this element’s reputation. higher percentage of that element. The 
O)Keliak-Vmvacleneyaleienacm (mare) n-Cebler-loenyom-ne end user then melts a measured amount 
all and should not be blamed for any of (Vm deb iswant-loitcom-lileymbalcomalicmole)m-vere! 
1d k-herctco)eat (om oleyenlomenale)icrakt-lelselecte never has to handle the raw element. 
Perhaps the bomb connection AM atom anbljanclutetcmee)akiccepelcelacm(oymellcseatcele 
has stuck so firmly in the public mind collectors like me is that it’s much 
because strontium has so few other easier to buy 10 to 20 percent strontium Ne 4 — 
associations. It probably doesn't help that aluminum alloy, by itself a completely | — = 
one of those few is with luminous paints, _ useless product, than it is to buy pure = sag —— 
some of which are radioactive. But here, strontium. ae — 
; .; ; ; ; A Strontium titanate was used as a diamond simu- — =} 
again, strontium is unfairly tainted with On an entirely different note, | oe S — S 
; ue , ee ; ant before the development of cubic zirconia. — 
guilt by association. Extremely bright strontium-containing pills are widely sold — 
saateXeleymomlovenviatelermer-linlemee)ale-liallers like vitamins and said to promote bone — _ 
strontium aluminate do glowinthe dark, — growth. Due to its chemical similarity — B 
but their glow comes not from radioactive _to neighboring calcium (20), strontium —— 
decay, as in the case of radium paints, but _is indeed bone-seeking (one reason °*°Sr — 
from efficiently absorbing light from their —_ fallout is so dangerous). Some strontium — = 
surroundings and then slowly releasing it | compounds seem to show evidence — 
over the course of minutes orevenhours. that they may increase bone growth, —_ » The active = 
Widely used aluminum-silicon Joel in ‘alcidatcjmuelcmo)uenmcre)(emnemelcrclinet A Anexample ofthe — ingredient in this — S 
casting alloys have a problem with food stores has any effect is unclear and mineral celestine toothpaste is — - 
brittleness, a problem that can be unproven. (strontium sulfate). strontium acetate. — 
solved by adding a small percentage of The benefits claimed for yttrium, on 4 The — = 
strontium. As is often the case, the most the other hand, are complete and utter | brighter of = “ 
convenient way to add a small amount nonsense. these — 
luminous — = 
a powders are — oe 
europium- — 
' doped = S 
strontium — = 
aluminate, the a 
ightest of — 
dern phos- S 
pee saar af jorescent 7 
Sifon ua aterials. 
S&S 
Maker E S 
340 mg / 60 Veggie GP 7 a 
x yr 
A Strontium-aluminum e) c _s 
A Strontium is bone-seeking because it’s in the master alloy is about 20% £ w 2 
same column as calcium. Eating it may or may not strontium, and bends 7 E > 
be healthy. in quite an unusual way, O Y me) 
<@ Pure strontium metal, slightly oxidized despite eXexexodaaliate MaalUrolaMar-lae(=\s 9 § 2 = 
being stored under mineral oil. as soonas itis flexed. Lu <x n 
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Yttrium 


YTTRIUM IS SOMETHING ofa hippy 
element. First, it’s named after a village in 
Sweden, a notably loose country. Second, 
Hm is ol =) Con (exe Mo) vmeleanva-texom oy e-lerena(oyalclach 
ATV oo icie) MU et-l@pLmrcl(CKMlemeeyacveniepal(ertareyel 
between the spiritual and the practical 
realms, especially when incorporated 
into fluorite crystals. (But just to be clear, 
since this is a book about reality, yt- 
trium really could not care less about our 
metaphysical states; it’s an element, not a 
transdimensional energy being or what- 
alo) ewavelemeymlelcmic-nyaepelels) esleyiueimcon sels 
new age practitioners who worship them, 
fluorite crystals actually hate our guts.) 
©) SS sek: nyolen Mank-mopimcoperelsnva-lorejere 
this, but it really ticks me off when people 
ascribe magical properties to things in 
the world that are magical but in ways 
they completely miss. 

If you want to see magic, forget about 
sdeuleveemlemsleleuicon-balemeevelyie(omuneulonen! 
Joy-vu lb enmore)e)ele)me.ele(em(eoyanvanteyeunva.enteynunl 
as YBCO). This material turns into a 
superconductor when cooled with liquid 
nitrogen, and superconductors are just 
plain freaky. For example, if you try to set 


A Atorn ingot of bulk commercial yttrium. 





<4 A piece cut from a larger ingot of commercial yttrium metal. 





a magnet on top of a cooled YBCO disk, 
you cant do it because the magnet will 
Ciojom-loleleim: Mel Ut-vutcomeym-vemleleem-lole\vontsls 
disk. It just sits there, floating in midair 
just as plain as day. The only reason 
davicm yea mereyalc)(olc)ncre me) (Le @ent-tealeneymuals 
highest order is the fact that anyone can 
repeat the trick. (The difference between 
sa akets4Com-balem (crelalave) (oycavm@icwe [Oli omcyeae)e) (oan be 
it works, it’s technology; if it doesn’t work, 
siVomersl | hapa ak-ted(om-balemexcm-ll Beslelenva-lolelels 
a) 

av alo) sale) mc iCcdehanvmantatea om. }eye)icertareyel 
RD rOMiAdeuleveam-livsssveeloienmex-lus(m@ sae) 
crystals, the central component of a 
powerful class of pulsed lasers, devices 
able to create beams of light so perfectly 
(Xo) libenr-uccremdat-lmmyolemer-bemeleelelecm salen] 
off the moon and see the reflection. 
(The beam is reflecting not off the moon 
itself, but off special cat’s-eye reflectors 
put there by the Apollo astronauts 
specifically for the purpose of bouncing 
lasers off them.) 

While yttrium might have an air of 
the flaky about it, zirconium is absolutely 
dead serious. 





» YAG (yttrium 
aluminum garnet) 
laser crystal boule. 











A Fluorite crystal claimed to contain traces 
of yttrium. 





<< Yttrium barium copper 
oxide powder for making 
superconductors. 


WV Yttrium is used to extend the life of 
spark plugs. 


W Afinger of cast 
yttrium metal. 
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<< Zirconium laboratory Crystal Structure ~~~ 
fot dV of] 6) (metal UCol gota =¥-] ol-Y am dal-1a) 
platinum labware. 





» Zirconium wool 
in an old single-use 
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VAL KO ONILONY Bivw.w ROLOLG)s bu et-tncment-1e-le 
and everything to do with it is tough, hard, 
and abrasive. Tubes made of high-purity 
Zirconium are used to contain the fuel pel- 
lets in nuclear reactors, because the metal 
sm OLOlUamanclolcjorclnclelmcomietcmelclulune)acmuercls 
sank: com daleMucr-(Oco)mablom-velem-lo)(comcomiuliet 
CLE-TaLOM Cate eloliciemcvenulnevetentcelmuens(elemeete camera tom when 
core of an operating nuclear reactor. elements like silverand 

O]daTcrupent-tel\a-ye)e)i(erielopepreymeste A A ball bearing made up of super- zirconium were used 
element include chemical reaction vessels _ hard, low-friction zirconia ceramic. instead of silicon. 
for highly corrosive substances, incendiary 
loxeyanlokcwerlalemunz(ec)mpae)0lalelcwebemuelsBie)uanl 
of zirconium oxide, it’s used for grinding » Ceramic knives made 
wheels and specialized types of sandpaper _°#Zirconiaare incredibly 
lapping wheels for grinding down welds sharp, but chip easily 
on oil rigs, giant earth-moving equipment, 
and dirt bikes. 

Ah, but wait—like many gruff and 
manly things, zirconium has a secret 
gentle side. Zirconium dioxide in cubic 
crystal form is what's known as cubic 
YANK 0) ONE. FO) OY Am oy’ t-tmn salem enlolmee)enenteyel 
SJIGOLUI EsnKcreMOnt-beate)aCoMM bament-Vilcw-belemeelcr-ye) 
jewelry stores the world over, display cases 
are overflowing with acres of zirconium 
dioxide. (Even for this application, it’s still 
atcinebmelbloylowAlceeyelt- Wimelcrclmuslomne)oneymasls 
hardness scale.) 

1RCcxeI I bran oxexe)e) (emcJalonel (emcicojomealiel qnetcaeys 
cubic zirconia as fake diamond and start 
dobiel.clet-me)melt-venlevelem-mevoueulacemaeleyle 
zirconia. There is no real difference in how 
pretty they are—that’s just imagination 
snbTc) (oxo Moyvmat-hubatcm or-Ue mic himcerom eelele em oyur-| 
plain, colorless rock. With an element as 
down-to-earth as zirconium, one should 
apply hard-nosed reason even to the 
selection of engagement rings. (You first.) 

AVN avi omer ble) ComAbnore) alt- cee m r-lule) er.) 
choice of jewel, you might want to try 
something more traditional with the 
famously jealous Niobe. 














a aNaKe) (ell eoter-] 4 








/p 


5500 





ls 
| 





6d 
5000 





WV Zirconia 
(ZrO,,) is an 
important 
industrial 
abrasive, as 

in this flap 
wheel used by 
welders. 
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<@ Crystal bar of pure zirconium created by thermal 
decomposition of zirconium iodide. 
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Nifeleyivlae 


NIOBE WAS THE DAUGHTER of Tanta- 
lus, son of Zeus. Look at a periodic table 
and you will find her element, niobium, 
just above tantalum (73). Sadly, the 
laeleyelm ole)ceyivme-vele-livsaemimalelmar-baetcrel 
zeusium. It was named dubnium (105) in 
1997 after much argument, none of which 
included a proposal to call it zeusitum— 
evidence that familiarity with the classics 
is no longer considered essential to a well- 
suolenatelcremerelbrer-laleyen 

Nite) elem astelenualeremeeten ORem alr 
children, who were killed by Artemis 
Vee Wav ele)NoMmValltom Masloleruemualcmlocimeyi 
(ovalemaanvact-beeye) (cee) merleleyleleammnsallon| 
was confiscated by the FBI. What I had 
assumed was an obsolete missile part—a 
rocket engine with a niobium superalloy 
nozzle—turned out to be quite up to date 
and very much missed by the Air Force 
base from which it had been stolen. (You 
never can tell what you're going to find on 
eBay.) 

|RCoXe) .<o] m aleyHAlecm-ducmaete(elome) mebloleyieien| 
alloys because they resist corrosion even 








A Pattern-folded Damascus steel 
Maticemwal tab lalcclacey(e(-vem alveoli laa-lare, 
fore) of oX-Yam at-lare | (=m 





<< “Five nines” (99.999 percent) pure niobium 
crystal ribbon from the former Soviet Union. 


WV High-purity crystal niobium bar. 






at high temperatures. Niobium is also 
commonly used in jewelry and coins 
because it can be beautifully anodized, 
forming a rainbow of colors through the 
interference of light diffracted through 
thin transparent layers of oxide on its 
surface. Corrosion resistance, beautiful 
(oko) Co) ucrar- dale Wr-lemeaVolerclehUemar-lesleneeyesleyials 
Kom ent-l.ccmav(oloyivnaemsatcm(elcr. Baelcit-lmKoymolere ny 
piercings. This makes it surprisingly easy 
Kom o)Uavmoleincmenceleyieleamnemcvelojejeyuetcmentcli mii 
you aren't too embarrassed to go into that 
kind of store. 

If one of those piercings goes wrong, 
you might find yourself surrounded by 
a far larger quantity of niobium. Coils of 
niobium-titanium superconducting wire 
UKoMURor6 MCOMGKerLKcMUalemolorcxemantlcaalclale 
fields inside MRI (magnetic resonance 
imaging) machines found in hospitals, 
which among other things can be used to 
IKoXer 1 (ome) 0) (cre1 tom Colo] maT) (6 (om Welem oferentA 

Next in line, molybdenum shares 
many of the strengths of niobium, but 
none of its romantic qualities. 


am eles [ laaKer-1a 
be anodized to 
a lovely range of 
exo) (0) a 


oss — om 





A Niobium-alloy rocket-engine 
nozzle, confiscated by the F.B.I. 

















<4 Niobium captive Ad 
lalate Bey-1aey=\ Biel 

redt-Taetlate Kelat-w exelohY 
part or another. 





A The mineral 
pyrochlore, 


(Ca,Na),Nb,O.(OH,F). 


» Thick 
niobium plate 
laveye [p4=Xe hice) 

show arange 
o} exe) (ol gS 
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Molybdenu 


MOLYBDENUM IS A METAL of 
HbaCeheliemtamesvnelerciom-valemeolnelorcdamm lacmoat-tiel 
applications are in steel alloys, where it 
gives great strength and heat resistance, 
most notably to M-series high-speed tool 
steels (M for molybdenum, of course). 
Pure molybdenum is much less 
common, but is used in situations where 
a part must withstand great stress for 
extended periods at high temperatures, 
for example in pressure vessels. But 
while it doesn’t lose strength even at 
fairly high temperatures, molybdenum 
(eKoYermey.¢(e bv Acme [Unicom esl Cel hia-lelenycm- lore ont 
1,000°F (500°C), limiting its use in the 








The mineral wulfenite (PbMoO,) 
from the Red Cloud Mine, Arizona. 















Molybdenum nuts 
and bolts show a very 
non-steel-like surface 
atte (-Madat-lallac).<ouP 


Molybdenum is not 


most extreme environments. often used in coinage: This Molybdenum 
E ae . evaporation boat for 
rom resisting movement to medallion commemorates a 
laboratory use. 







yalorel onus teanatcm lem enle)ayelelcseleleameliieliatels molybdenum mine. 
is an excellent ultra-high-pressure 
We loyuter-belemshideloom-le-Melmvmorenielome)s 
mixed with oil or grease, it is able to 
withstand crushing pressures and 
fearsome temperatures without seizing 
up. 
NY Co) hidoxeKsaeleneemtcr-Ce mre miacmalcatedsleleyn 
technetium (43), in a very direct way. 
When the *Tc_ isotope is needed 
for medical imaging purposes, it has 
to be created on the spot because 
its half-life is only six hours. This is 
done using a device filled with longer- 
lived *°Mo, which decays into Tc. , 
LoyeLabalor-linvmucye)(cveukveliarcmeatemciele)e)ny 
within the device. Because the process 
of removing the accumulated *’Tc__ is 
called “milking,” the device is informally 
known as a “moly cow.” Despite the cute 
name, it’s still a powerfully radioactive 
ole) (reeer-balemdalemecrolevalcaneleamimec)alcor-ltcr 
is among the most intense sources of 
radiation used in medicine, as you can 
read on the next page. 


Molybdenum steel is widely 
WEY-Xo Wf aM aat-Lelallatea ree) 


Molybdenum 
disulfide in grease 
prevents lockup at 
high temperatures 
and pressures. 


Molybdenum steel is acommon high- 
strength alloy, but large pure moly bars, like 
this one, are unusual. 
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I Yel avavevelelae 


TECHNETIUM IS A BIZARRE ANOM- 
ALY, a radioactive element sitting right 
SJent-e) @iomsetcmacdie(ellcme)maatomenvecimcie.le)len 
sVo)u eaak-balil comu-talevcmey mieten olcauleretlome-le) ten 
the fifth period transition metals. There's a 
clear line between radioactive and stable 
elements: everything below bismuth (83) 
is stable; everything above it is radioac- 
tive—except technetium and promethi- 
um (61), which stick out like sore thumbs. 

And if you have a sufficiently sore 
deheboslom-telemeaviel @imoenl(cislmolonoleyelene-talacin 
you might find yourself being injected 
with a particularly short-half-life version, 
iad Kemer 010) 0 a ole) elcani-1-) aletca-lelemercvemuelens 
be used to create images of where bone 
growth is occurring, using a gamma-ray 
camera. 

So fiercely radioactive is *°Tc_ that 
AV alsae Mp eelcreelocmen-baljoleumlemsslcvmulyen iiaele 
carts loaded with lead (82) or tungsten 
(74) “pigs,” heavily shielded containers 
surrounding syringes of technetium ready 





A Technetium is not 
considered naturally 
occurring, but in1962 
traces of it were found 
in samples of pitch- 
blende (uranium 
oxide) from Africa. 


<< A thin layer of ie i oe 4 
pure technetium ‘ a 
electroplated onto 
a copper substrate. 


Vv Gamma ray image formed when Tc injected 





to be injected. Since significant radiation 
escapes even though the pigs, the carts 
at-Nomce iy oyulcinetedavaloyetem et-balellece 

It must be fairly intimidating to see 
a doctor enter your room with a device 
designed to keep the thing she proposes 
to inject into you as far away from her 
as possible. But the fact is that while you 
may get one such injection in a lifetime, 
medical personnel are exposed to the 
aetclcciut-lmetchym@lem-velemer-\melelem-velemenleimete 
extremely careful to avoid accumulating a 
dangerous dose over time. 

Technetium got its name because it 
was the first nonnaturally occurring ele- 
ment to be created: it exists only through 
technology (except for vanishingly small 
amounts in certain pitchblende ores, a 
fact not discovered until 1962). With ru- 
thenium we return to stability—there are 
seventeen more elements before we reach 
the next radioactive one. 


» This technetium 






into a patient gathered around areas of bone growth. 








ofVat-e-] ke) move) aie-1 [an 
99Mo, which decays 
into technetium for 
natexe [Let-] RUE 
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IN THE MIDDLE AGES, a region that a thin plating that has a darkish gray, 


































includes modern-day Russia, Ukraine, pewter-like shine to it. Because of its 
and Belarus was known as Ruthenia. high resistance to corrosion, plating an e 
Since ruthenium was discovered and incredibly thin layer of very expensive ’ a 
named for this region before germa- ruthenium onto a much less expensive ~~ 
favonee Mieco atebealse bur Morelcvou or-lal elem aet-\els base metal is more economical than 
that it is the first element named for using a solid mass of moderately 
its discoverer’s country. But the region expensive pewter. 
known as Rus in discoverer Karl Klaus’s S]ULm-FoM iu leemenleime)msatemolt-lalelenan! 
oF bame Lele walolmee)uncrjoleyelemnon-lehvmenlelen eroup metals, ruthenium’s main — 
ern nation-state, so I don't count it. applications are as a catalyst and an ——— = 
Ruthenium is the first of the alloying agent. Ruthenium appears <— 
precious metals, one of the minor ihele- Wy oyctua (Gel t-vuhvaco.colulemen.¢.lenle) icy — _ 
platinum group metals that occur with single-crystal superalloys used in high- a =) 
e)Euunalorenm@Ac)Bieme)ncce-balemcJatclncment-vent joXeyuKoyucnt-velecmablneyietcme)t-Lelccmivsloemeslcine — 
(oy mo) cuuneleleeksme(ocyiu-lo)(omene)elaualoce cost is of little concern. — = 
True to its classification as a precious Where ruthenium plating gives jew- — 2 
metal, in daily life you're most likely elry a dark shine, its neighbor, rhodium, —— 
to encounter ruthenium in jewelry, as is known for producing a brilliant luster. A Ruthenium chloride is a vivid red. — 
i — = 
Vv Anexperimental — 
ruthenium-based solar cell. —— 
a Ss 
— S 
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<< This button of ruthenium was created by melting powder » Cheap costume jewelry is often plated with 6 E 2 
in an argon-arc furnace, the easiest method that works. ruthenium when adarker finish is desired. Lu <x n 
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RHODIUM IS FAMOUS for its extraordi- 
nary price swings. If you bought a pound 
of rhodium in January 2004 and sold it 

iba [UeeleAULOoMMOlUmNelellemar-acmenleniale)icere| 
your investment by a factor of 22, turning 
$5,000 into $110,000 in four years. (And 

if you bought $5,000 worth in June 2008 
and sold it five months later, it would 
have been worth $380. Rhodium bites, so 
beware.) 

These huge price swings are partly 
due to speculation and partly to the 
fact that, as with all the minor platinum 
feanoyelomentcit-licwmeatomcielole)hmeymuaroreiionany 
oKe) oXeralelswant-beelnmeyamelonnimeniecoemeytclareenee 
(78) is being mined. Rhodium occurs 
as a minor constituent of platinum ore, 
CYomeolemaslovucm e)e-Lelaielesmielemenlielomuals 
saale)ucmu sleebleleamucriCelUCmVOlemecemslelmimuale 
demand for rhodium goes up, the supply 
(or: Told me xers) oloyalem onal (octmeatomoyul@cmeymo)t-lalelonan! 
also goes up—it is not economical to 
saavealcmesleyucme)c-luneleleempelim@coymlewaacerenneten 
nenyolerulay, 

The other thing rhodium is famous 
for is being shiny. Cheap costume jewelry 
designed to look like silver or platinum is 
often rhodium plated, because a micron- 
daCel @alicomoymuatorellonenm(cmJevneucymast-vel 
all the platinum in the world. (In fact, 
an expert eye can tell rhodium plating 





<@ The torn edge of a piece of rhodium foil 
shows its internal grain structure. 


because it’s too shiny.) This shininess also 
comes in handy for mirror coatings, for 
example in searchlights. 

But, sadly, the biggest use for rhodium 
by far is not shiny at all: it’s as a catalyst 
ibaWe-Lbico)ente)eyi tomer kun(emeeyeht(cuKc) acim Nels 
ultimate fate of a distressingly large 
fraction of the world’s precious metals. 
The only thing that reflects light better 
idak-Damaarelelieseamicncjlhy<) mC WA PmelUlmimcwalelt 
that great for jewelry, since it tarnishes in 
air so easily, and is used only for scientific 
mirrors that must have the absolutely 
highest possible reflectivity. In jewelry 
rye) o)iCerctaeyalcwmaslorepeioame)t-labarca@ ce. malels 
substitute for silver, as is a thin layer of 
our next element, palladium. 





<@ Real handcuffs 
are nickel plated, 
but these curious 
cufflinks get a 
brighter shine from 
rhodium plating. 


n\ A Electrical 
contacts in these 
reed switches 
are coated with 
faarexel(Olaak 


Vv Amicroscopic plating of rhodium gives cheap 
jewelry a platinum-like shine. 
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YOU’VE HEARD OF GOLD LEAF 
gossamer-thin sheets of gold (79) used 
since antiquity to cover, or gild, objects. 
Palladium, too, can be beaten into sheets 
nearly as microscopically thin as gold leaf, 
and in that form it is used to imitate silver 
CAAA al lelele cwineyal lems) baleromi mee ssjicw-lole)blt 
twenty times as much. Unlike palladium 
leaf, actual silver leaf would tarnish, and 
since leaf of this sort can be less than a 
thousand atoms thick, any attempt to 
Alcea Meyimdelomeclualvemivelellemepen(edhvaiverts 
off all the silver. 

Some solid palladium is used in 
jewelry, but as with rhodium (45), its main 
10) 0) iCercLaCeyemweem-loiceyealeleyi(cmerle-lauale 
converters. These devices reduce smog 
in cities by burning up the residues 
o)melololelwelcrom ne mlemeetcmcoder-luciom Biehy 
particles of palladium (often mixed with 
old acomentiae)mo)c-laneleleamednelelomestciecliy) 
are embedded in a ceramic honeycomb 
dohnelercdeMiusnceemsalcmelelmsselcabalemondarclenil 
is piped. On the surface of these catalyst 
jox-vu ete (ocmmeleleleiuetcre male) mie-le)lomne 





PANU eolaateleyi (= 
catalytic 
(exe) a= a (=) 6 
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Lovely torn piece of pure palladium. 





(Loyenloyeatemnvsndamer.qycrcsemane)eemealoe-lim-lm-! 
much lower temperature than is normally 
required, converting the unburned fuel to 
carbon dioxide and water. 

While burning without a flame is a 
salex-himOuL) @mdalemenlohim-lent-VAlstcmealiarem-leleleit 
palladium is its absolutely astonishing 
ability to absorb hydrogen gas. Without 
applying any external pressure, a solid 
(ol albielqe)mey-lit-lelibnenmnsllm-lelve)nencl0l0) 
times its volume in hydrogen gas. The 
hydrogen just disappears into the solid 
metal. Where does it go? Hydrogen is able 
Komsyelcr-l @lemelcian(ccsem oy-vie-letlonenm-lne)aels 
in their crystal lattice. If it weren't so 
expensive, tanks filled with palladium 
mesh would be an obvious way to store 
albrexem- lea lOlelelecme)Manyelnerxovemiuliemelemalcrcrel 
for high pressures. Not surprisingly there 
is ongoing research attempting to find 
rare earth alloys that could work nearly as 
Vcd ecko ox-Vik-Ketlnenmolelar-imenleceem (onic meein 
Palladium may be used to imitate silver, 
but for better or worse, silver will always 
be the real thing. 








_ STILLWATER. 
PALLADIUM 


Palladium bullion 
round, a form in which 
precious metals are 
traded. 


Native, 
or naturally 
occurring, 
palladium =, 
metal. 


Peculiar palladium- 
foil object halfway between 
acoinandastamp. 





Antique palladium 
“sponge, aterm that 
means a fine powder. 
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Silver 


THE MAIN PROBLEM with silver is that 
it tarnishes, which would seem like an 
immediate disqualification for a metal of 
kings. But despite its shortcomings, silver 
is the first element we’ve encountered 
that has been associated since antiquity 
with glory and riches. I guess if you can 
afford a staff of silver polishers, tarnish is 
not such a big deal. 

While silver and gold (79) go hand 
in hand, silver is definitely the junior 
partner. Historically it has typically sold 
iCo)mrclolelel@r-Maniciele(cileme)mdelon oyuleone) mele 
though in the last century the ratio has 
reached as much as a hundred to one. 
This difference makes silver affordable as 
a coinage metal: Gold is just too valuable 
for everyday use. Silver has been used in 
(oyanbanteyelnmevsnciel -lasalcmeceysalwleym-liente)-it 
3,000 years, whereas even the smallest 
reo) Co Mere) baw ast-hymelem cele) com det-baweeles-1mel-10)8)(< 
want to carry around in their pockets. 

But silver is not always second 


A Clockwise, a silver lab part, pendant, irradiated 
dime, and scientific front-surface mirror. 


<@ Tetradrachm showing the name Alexander (the Great). Minted in 261 BC, these coins are 
almost unfathomably old, yet ones like it are easily available—no one ever throws away a coin. 


fiddle. Gold is not the very best at any 
one thing—it’s not the most corrosion- 
resistant element, it’s not the hardest, it’s 
aXe) mdatsweeless)mic-librcle)(oMelmcwale)muelemaslesys 
anything. But silver can claim two prizes: 
Of all the elements, it is the best electrical 
conductor and the most reflective. 

For mirrors that need to be absolutely 
as reflective as they possibly can be, 
silver is without equal, though of course 
it has to be protected from tarnishing. 
While silver is used in some electrical 
10) 0) 1(erctW Le) alcym x0) 0) 01c) mOACD IN MOyal hym-Leye)bLt 
10 percent less conductive at a small 
fraction of the cost. (Gold is widely used 
shams) (exe bu (or-] Mere) ale-Lolewalolmolocer-Le liom LMcmi als 
best conductor, but because it’s a quite 
reZolore More) ae LUcelke) muat-lm-Lekve)ioicoAvae (ele 
saLOLMme-Tmalijeme)mey.¢(onyAcrmanler-valbarcalacmereleye! 
conductivity doesn’t deteriorate.) 

From the precious heights of silver we 
(oKehYorey aXe mcomer-Kobanvieleatecmelliuneloena (enna 
class, peasant element. 





» Silver improves the 

heat conductivity of 
this heat-sink é 
compound. 


» Silver 


tracheostomy tubes. 
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CADMIUM IS PERHAPS best known for 
LEMUR Tom DOM aCe <oleror-lelenlioreeme@nlcrer-led Mey. 1 
teries, though these days they are being 
1X2] 0) E-Ceexe mba ant-lenvacloje)i(eclaleyekmeymallece) 
Vaoleieclmenceluleccmclelemiieavlonesto(evemey-lacoulen 
that are lighter, more powerful, and less 
toxic. Cadmium, unfortunately, is a lot 
like lead (82) and mercury (80) in that it 
LOB IOOLOIEICocmoLeleomlemislcncvensine)aventonlm-vacel 
in the body, causing long-term damage 
to life everywhere it’s found. (This is why 
ni-cad batteries should be taken to stores 
(o} mere) I(ereluTeyemoleyrelicmsat-lmnsae (cm dalaemmelere 
thrown in the garbage where their cad- 
mium will eventually get into the environ- 
ment.) 

The other place you will find large 
VeaCelbnelicme) mer-Celeavloreomimlamerlepaevielente 


plated fasteners, used these days mainly on 


aircraft. While common zinc (30) plating 
HEsweXOLoLe Mey elo lered em Koyme (oye elerya(om-h0)e)eler-Laleyalcy 
or-Tohanbieleameaccsace-Vemelslolerle-le)(< 
combination of properties when it’s really, 
really important that a given bolt not rust 


or cause corrosion of the parts it’s touching 
(for example, ifit’s the bolt holding together 


the landing gear of the airplane youre in). 

One bright spot with cadmium is 
or-TohanbielenMicc)lloniar-lemercancsesCoh@beltciakie 
pigment favored by the impressionists. 
(GIFU Te C=m\Y, Coyals) aur-ks) care r-l ole )Ulmdalemee)loyacpals 
used, replied, “In short, I use white lead, 
orsTobanbneleemtco)l (Oiiancouentiiceyanment-leleler 
cobalt blue, chrome green. That’s all.” 
Four elements in one quote—not bad for 
a painter! Since vermilion is mercuric 
sulfide, Monet’s favorites constitute 
practically a full house of toxic pigments, 
missing only Paris green (see arsenic, 
element 33, for a discussion of that nasty 
stuff). 

Fortunately, the next element is 
considerably more benign. 


<@ A fish cast by the author out of solid cadmium, for 
no reason whatsoever. 


VY Common 





altel <=) eerelelaatitlan 


rechargeable battery. 
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» The classic 

cadmium yellow 
pigment is 
cadmium 


sulfide. 





<< Cadmium-plated 


brake rotor. 


» Treatment with 
dichromate gives 
these cadmium- 
plated castle nuts a 
fefel(e Reve) (ol p 


















Om Or-volaalitleakreyl mlaicctaret-ve. 


for radiation shielding. 


<4 The mineral 


greenockite is 


natural crystalline 
cadmium sulfide. 
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INDIUM IS NOT NAMED for India or 
ibateit-vet- me) mr-lehvae)dels)mm 0) (c1eome) mexcreyea nate) Oh V4 
|Lmb Kop ak-Daelcrem Koya selemcjane)atcmbeteltvendejiole 
spectral emission line that was the first 
evidence of its existence. It’s said that until 
1924, only a gram of it had been isolated 
in the whole world, but these days hun- 
dreds of tons a year go into the produc- 
tion of LCD televisions and computer 
monitors. 

JNoMdot-lar-lojo)ecer-luleyemim iw lemislcmceyuce| 
(om neletloveomatemcole)mey.elelcmm-Mun-Veljer-Nioelt 
conductor of electricity that allows signals 
Ko olemeoyanvacvelanter-uccre mcomualomiecethuleler.| 
Jo) d.Col mbm Meltsje) Ec hvaiulestelenme) (ele ebaremsele 
light from all the other pixels. 

The pure element itself is also a good 
(oko) aXe LbLei ke) mo) orm elolar-lar-ll man-veljey-uc) alm 
being a soft, silvery, and quite fun metal. 
In pure form, it’s so soft you can easily 
CC eLM iM iUldeMVoluimalelxouerll ce) maUcel 
shave off slices of it with your pocketknife. 
YO KV mrclow cw Gale \itse menace biennel Kwale)mne).<con 
always a nice bonus for an element that is 
fun to play with. 

Because indium is one of the very 
few metals that wet glass (rather than 
being repelled by its surface), it can be A Indium tin oxide 
used as a gasket material in high-vacuum conductors are not 
applications where any sort of rubber visible in this LCD 
gasket would be hopelessly porous by the screen. Thatis the point. 
standards of the vacuum you are trying to 
achieve. 

Indium shares an interesting property 
with its neighbor, tin: When bars or 
rods of either metal are bent, they “cry,” 
producing a cracking sound as the 
internal crystals break and rearrange. 
While quite a few people have heard the 
tin cry, the indium cry is a more exclusive 
experience. 
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<@ Pure indium is almost always sold in 1kg bars, 
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of which this is about half. It is so soft that a bar <@ The extremely rare mineral yanomamite, A Aspool of indium 
like this can be cut in half with a knife (though it In(AsO,,)°2(H,,O), from the Periquito Mine, wire, much softer ra 
takes some effort). Goias, Brazil. even than solder. 
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AH, TIN, what a lovely, lovely element. 
Pretty much completely nontoxic, stays 
shiny forever, easy to melt and cast into 
minutely detailed shapes, not horribly 
expensive—really, what more could you 
ask for? 

Tin soldiers were almost never made 
of pure tin. Lead (82) is cheaper and easier 
Kom entohemcron lcr-Kecrclolunenteyeniae)malatd (cr-(el 
alloys were a more frequent choice. These 
days, of course, nearly all toy soldiers 
are made of plastic, which is a definite 
improvement from a product-safety point 
of view. (Today the idea of using lead as a 
major ingredient in children’s toys would 
go over about as well as a lead balloon.) 

DoW cCoremont-vanvadelierecmerli(cemelouee 
Hnatelhe(ehvetcmabemer-balcmanevce)lem-leemaremnele) ines 
are not and never were made of actual 
tin. The word has come to mean any sort 
(o) me eviemcJelcrclmes(clt-)mcomselemolevselmaet-lmli 





» Lead-free solder 


is mostly tin. 





| } 
a TH 
. 


you visit a scrap-metal yard they will refer 


A Ingots of pure tin for casting. 






» Gray tin allotrope 
growing on apiece of 
metallic tin. 


to sheets of metal being lifted by giant 
electromagnets as “tin,” oblivious to the 
ie-Nol ma Uat-lm ane meeyenye) (cite) himale)avent-te4ecn(en 

A few coins have been minted in 
tin, but an odd property limits this 
application: At wintry temperatures, tin 
starts to convert—very slowly over the 
course of months—from a silvery metal 
into a dark gray powder. It’s not rusting 
or oxidizing or undergoing any chemical 
change at all. Instead the crystal structure, 
or allotropic form, is changing from its 
saloyuent-lmenlcie-llboncoyusemcon-moele) (exe aiit.!| 
structure known as gray tin. When this 
happened to tin organ pipes during long 
European winters, the phenomenon 
came to be called the tin pest. 

EAo)umet-lemiolelmactoyelcamaviaem cen nh 
JeXeyVelcyemvolomenitcdalmeeveal @yolemiycnemelcr-lenate 
with the next element, antimony. 


A The mineral cassiterite (tin oxide) from the Viloco Mine, La Paz, Bolivia. 


<@ The classic tin soldier was more often made of a tin-lead alloy, but this one is 99.99 percent pure tin. 
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Antimony 


NO, ANTIMONY is not anti-money, 
it just doesn't want you to lose sight of 
your other priorities. When not passing 
LeKeFesnaterelmeyeMyolelmenceciaydlcrm-velareeleyent 
is a typical metalloid, clearly metallic 
in appearance, yet brittle and more 
CHMYIEIINlatomeet-bameceller-Vamesleleclicn 

aXe Cobbarom-Valunsslovanvm@con(cr-lem(sya nett co 
id atcomler-KemasleColemer-tuelosem-Dalemielimustomurciele 
aauD.qRUDKcMO)m (cre PMOLOMCoLO)FE-leLemclolanenteyeny 
has the wonderful property that it 
expands just a tiny bit when it solidifies 
from a molten state. By pouring this alloy 
into hand-carved master molds, Johann 
Gutenberg was able to create crisp, 
Jak-Vue PmKclbRy-lo)lem (claccvuloyusakmlo)meyurelarerce 
eM ULadCombendcraleloyamalenerli (cre mastentc-le)(< 
type. After a brief run of 550 years, 
je)ubaletarcmfuleementencclo)lomayelem cmeleiaeynciaas 
much history, replaced by computer 
and photolithographic processes 
whose development would have been 
sbanyexesstc}lo)Comnyisalolelmustcmiylelcnjeyner-lel 
literacy fostered across the globe by 
Gutenberg’s clever use of antimony. 





A Wine steeped in antimony goblets like these 
induces vomiting, one of the ways in which antimony 
was used in medicine. 


<< Beautiful lumps of broken crystal like this are how bulk antimony is sold. 





Linotype machines may be fading 
snxe)anWantsroeleymyaeloim-balolealcom-ne)e)icer-laleemeyi 
lead-antimony alloys remains as popular 
as ever: bullets. 

Bullets are famously made of lead, 
but pure lead is too soft, so antimony is 
added to create harder bullet lead alloys. 
Lead-acid car batteries use lead electrode 
je) ENtcmeek-Larclnomcvbesviecluhvm@et-inelcvelcromnuluel 
antimony. 

A lovely property of antimony that I 
have not seen reported anywhere else is 
that blocks of it emit beautifully melodic 
jeybatcab atom sle)kiere-Ualc) moloibalcaer Clem Nome loleloye 
crystals inside are breaking and slipping 
as the blocks cool down, in effect tapping 
1d oLomoy-UncwaKe)eemeslomnel)(elem-velemeclUnybarsy 
detopesmeomulercmilccmBlolcie-lemeslies(cnmOleelc 
metals click and crackle sometimes 
when cooling, but I have never heard 
such musical cooling-off sounds as from 
recently cast bars of antimony. 

While antimony makes music while 
cooling, the very name tellurium itself is 
musical. 


A Neither tin toys 
rate) mr-Jaldieate) amen a3 
are pure; both have 
historically been 
made of alloys 

with some of both 
metals, plus lead. 
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alchemists. | 
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A Aningot of cast 
antimony broken in half to 
show the internal crystals, 
whose formation created 
beautiful music while the 
ingot was cooling. 


<< The antinomy Foo 
Lion incense burner—an 
excellent justification for 
the existence of eBay. 
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Tellurium 


TELLURIUM IS the most beautiful 
element name. From the Latin for earth, 
ihm ot-Kowr-@ Ololclemva-lolelelmlmorevest-lceslcomeyva-lehy 
other. (I have a special fondness for the 
sak-baatomm Ald elcvemr-Mere)enlor-Vehvmi-kome) t-vabeliaremne) 
jelblo)itjem-Mecoyanyelbiccymex-lenComer-liCccomAlo)ban-baen 
ohccr-habalcar-molelecvalet-Uman-le(cvaet-lu.q@e)nele) (oan! 
for my software company, Wolfram 
Research, I defused the situation by 
convincing them that Tellurium was a 


aloiealorcomeymbeeyeleyur-balm-e)e)iler-lele)stcmm (ole! 
might well have some in your house right 
ACO Wa lemselcmceyweeme) mc) lLonwlbseemcieleye>elerer 
the magic layer in DVD-RW and Blu-ray 
rewritable discs whose reflectivity can 
be switched back and forth between two 
states by laser heating. 

Combine extreme rarity with use 
Hh aly oL0) 0) UN E-Dmme bt Yom Kou ent-Lecymce) (-Vm@cc) | yar-balel 
experimental memory chips, and some 















Crystal Structure ~~~~ 


























much better name for their game.) joxexeye) (meyncrentoercvemcy.qo)Cexy(eysmromcclllununerenl A Bismuth telluride is used in — = 
It may have a pretty name anda Joye (ccm O)emselcmeluelcymat-velermD\ AD e-velems) Ibe thermoelectric coolers, like this one from 2 

pretty crystal structure, but thiselement’s __ ray are losing out to online movies, other a one-can-of-soda refrigerator. — _ 

properties make it anything but pretty types of solar cells don't use tellurium, a =) 

when you meet it. Exposure to verysmall = and who knows if it will be tellurium » The mineral calaverite — 

concentrations can cause you to smell Jo) akc Icyou es etclanexemenlciesle)miare) mer-ueley ems) (gold tellurite). — 

of rotten garlic for weeks, a fact that for sak-valelaulorcmaetsseeloymvare)mccoyantcisevsarca@areys — S 

some reason limited early interest in yet invented that will really take off? A W Beautiful —— 

researching the substance. collapse in tellurium prices strikes me as crystals formon — = 
Despite this problem, and despite the _just as likely as arun on the stuff. thasurlaceota i = 

fact that tellurium is one of the rarest of all |inete-tan-0em Meloyagmoat-nvcu-venacyiealitclany disk of molten — 

ech aa Covel ecm c)ecdoldameympavioldom(cr-\lur-lolereler-lelmmmm UY oavlBlenyccluentcalm-lehuloce-lolelelmislemato.ct tellurium as it a 

in the earth’s crust—it has found a element, iodine. hardens. _ — S 
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A CD-RW and DVD-RW disks use tellurium 


suboxide in their rewritable data layer. 


<< Tellurium is hardly ever used in pure form, 
but these beautiful slender crystals are how it is 
distributed commercially. 
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AS YOU MOVE DOWN the halogen W lodine deficiency causes goiter, but goiter 
ore) LbDanDeMmi alms) (cvenlcvelicwealcllCeiiacme)lemineyen! is uncommon today because of iodized salt, 
saTesloLeKcmaRU Lost eLeM(c) MOMs (cr-Tolhimeleloyulelcm@MAMIe making iodized gum unnecessary. 
barely-liquid bromine (35)—until you reach 
iodine, an element so comparatively benign 
that it is used to cure hoof fungus in horses. 
Iodine is a solid at room temperature, 
but like bromine it’s just barely hanging on. 
Cresola lem atcrctanetcmnyll meslimiem-lmiueleemoreyinimlt 


lO¢ 
immediately evaporates into a thick, dense, | 
beautiful violet vapor. 3 


Iodine taught me the difference REG. U.S. PAT. OFF. 
between smoke and vapor. You can 
Jo) ake) Koyean-}o)emcyante) ccm: lex-bhel] mam e)e-(e.< 
Jor-Tol <:4xehbbelem ona itcdelatat-mimaxeyesmestonyle(cr 
loYerer-hulYomcy e010) Com isp ent-le(ombyene) mabahvmor-lualelcn 
that reflect light. It is impossible to 
photograph a vapor, even a colored vapor, 
against a black background because no 
matter how much light you shine in from 
the side, there are no particles to reflect 
light, only individual molecules. The only 
way to see a vapor is by how it absorbs 
light coming toward you from a bright 
background. This fact wasted considerable 
time when I attempted to take a nice 
je)(olnbi nome) m (olen elomrc-) elem le) maenmele-le ce 
background poster. 

Iodine, usually in the form of a few 
percent dissolved in alcohol (which causes 
the stinging, not the iodine), was once 
widely used as a disinfectant, and to a 
limited extent it still is. Like chlorine and 
JoyKoyenviatcm-Leleycmimlemsetomelcsulorebtome-le)len 
iodine disinfects by brute chemical attack 
(o}alp anv Cernolelecvucroyeelcisebbarcmselcava-lucmalolm-lells 
to develop resistance to. If the fancy topical 
antibiotics we use today ever lose their 
effectiveness, the halogens will always be 
there to save us, or at least our hooves. 

After every halogen comes a noble gas, 
lo)b1mels)now i Mcmuelom (craks) malele)(me)mu slew le)mm.cayale)en 





A lodine dissolved in alcohol 
has been used as a disinfectant 
for generations. The sting is 
siaelaahiit-¥-)(ecedate) Mare) auat-w(exellat=% 
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A Resublimated iodine for veterinary use as a disinfectant. 
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< Pretty, old tincture-of- 
feYelat-W eel ad (-se-la-Merelanlaatela 
collectors’ items. 
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am alad eye llatcexexedal lalla] 
contrast agent used 
in imaging the heart in 


CT scans. 


<4 lodine evaporates into a beautiful violet vapor 
when heated. There's a torch under the plate in this 
relate) cote] a-]o) a8 
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Xenon 


FOR MOST PRACTICAL PURPOSES, 
por aloya ism elele) (comm lalcoumr-balemale)ausr-(Qnnycn 
just like the other gases in this column 
of the periodic table. It’s even the 
most expensive. But in what can only 
be described as an egregious case of 
slumming, in 1962 xenon was caught 
shale eCou-Le1 me) Mm Coyusaliaremeeyacyereerelelmiyianl 
Loyenventoyems) (aelci elie 

Since then dozens of xenon 
(Loyanh ele) nelemmerierclinmbanvolaaiarcmeleleyulals 
(9), have been discovered and prepared. 
Caloyemerssloceyure (cmp ieymercclesle) (owt 
commercially available from any 
laboratory catalog. It comes in a bottle 
just as plain as day. This is shocking, just 
shocking—it simply isn’t something that 
noble gases are supposed to do. 

Nake bEsYorncan(oyalcer- lc) (ol ommnstecimr-y0)0)i(e-laleyars 
of xenon do still make use of its typically 
sale) o)(cmbalcvunalextwm balerctele(ecacielmetcdslaelellen 
inl Cero itsidaW.coraloyamer-vamelbruemelelaccymr-tare| 
brighter because of the low thermal 
conductivity of the gas. But arc lighting is 
where xenon really shines. 


<@ Inhaled 
radioactive *7Xe 
is used to study 
lung function. 


a 
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Cie: pee pee ee 


One Dose Vial: | 
Exp. Date 10 Days “* 
After Calibration 
& 740 MBq (20mCi) 


» High-power 
xenon flashtube 
used by studio 
photographers. 


a q hs 
tah 
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m Xenon Xe 133 Gas 





i 


<@ The xenon gas in this tube is being excited by a high- 


Wo) i ¢-10[-Mol fol al-lue[-Mrela-t-helalem-M (on d-\hYA oF-1(-eadle) (ae (eV 





SW ateercvelen-lmoyuele)(cseamiemeleroeer:| 
projectors and spotlights is creating a 
jox-ve-UICe) Moxerctenme)motcd slemivelleemineleyalcmeyy 
using light from a tiny, intense source 
ale m orelenererbarcm ime) um-m or-be-lole) atom lore uRybarss 
mirror. The more compact the source 
of light at the mirror’s focal point, the 
better the beam. Imax projectors use 
fantastically bright 15-kilowatt xenon 
short-arc lamps to create their huge 
jo) ue) (rertexe Whe ak-teXoeue Walen olelloce-bucmall (ore! 
with xenon at such a high pressure that 
they must be stored and handled in 
special protective enclosures and clothing 
due to the risk of explosion. 

(Oyale-Wantelovemcyeet-lilsimcvercl(omp.co)aloyeWeelsi rl 
halide lamps are in those really annoying 
iateav@aler-lelbtedalecmuatclmerV/AlcmUelumnueloe mele! 
encounter certain brands of overpriced 
cars on the street at night. 

As naturally as noble gas follows 
halogen, alkali metal follows noble gas, 
and next in line is the most reactive of 
that tribe. 


» Genuine xenon 
metal halide headlamp. 








A Blue-tinted film colors the light from a xenon- 
ili teXe Mlaver-lare(-exex-tal ad ol] oN lake) qe (-1an oN aat-1.<Mia (ole) all <- 
an expensive xenon metal halide headlamp. 











» Xenon 
short-arc 
projector 
lamp. 
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Atomic Weight 
132.90545 
Density 
1.879 
Atomic Radius | 
298pm 
CESIUM IS WIDELY listed as the most and there are no stray electric, magnetic, > Ultra- ages Crystal Structure SS 
reactive of all the alkali metals, and or gravitational fields influencing them. miniaturized a || ; Hill 
technically it is. When you drop a piece International Atomic Time, which cesium 
eeeeeeditkabowlLof water it instantly explodes, underlies the more commonly used atomic clock 
sending water flying in all directions. But Coordinated Universal Time, is kept by ee by 
dek-hmeColevammaetcr-vem iment. corm selene) lescente synchronizing the operation of 300 cesium 
bang of the alkali metals. Sodium (11) atomic clocks around the world. The most 
takes longer to explode when tossed accurate ones are cesium fountain clocks 
in water, but the whole time you're in which lasers throw bundles of a few 
_ waiting, a plume of hydrogen (1) gas is million isolated cesium atoms upward in — 
_ «building up, and when all that hydrogen a vacuum chamber and measure them ——— S 
“ - ignites, teexplosion is much bigger as they are in free fall, almost completely —— 
. then anything you can get with cesium. devoid of outside influences. If the — - 
\is because I spent a few days NIST-F1 cesium fountain clock in Boulder, WY Acesium — S 
ole series of alkali metal Colorado, had been built by dinosaurs 70 —_getter—when — 
water ex jelceme(clolenel atetcaeMacoae-tie) million years ago, it would now be off by _—_a¢tivated by heat, — 
* 4 —Bri television show that used a stick less than a second. it would clear —— = 
O amite to “improve” their cesium From floating cesium atoms, we ine lestitaces ec! ——— 
, oxygen and water — 
explosion to match what they expected ante (cme)eMcon-leme)(ceelcsalmiusleiomUclarmer-lesle fat eatin — = 
from its technical reactivity. That wasafun means heavy. eheraber. — = 
couple of days. — 
* But the main business of cesium = 
is not explosions, it’s time. The current — S 
official definition of the second reads as — ie 
follows: “The second is the duration of = 
9,192,631,770 periods of the radiation ’ = = 
corresponding to the transition between \ z ii 
the inl (OM ehyoloiuabalom (cael ome) meaComeanelenarel > Powdered cesium formate — 
‘ state of the cesium 133 atom.” To realize used in oil-well drilling. — = 
é davicmclectale tine miemo)e-loulecmmrelumolcr-venlr| | — ~ 
> signal of approximately that frequency \ ' Vv Apiece of solid magnesium metal floats on — 
* throtigh a collection of cesium atoms concentrated cesium formate solution, used in — S 
Na omiiechiolal Bow much of the signal is : oil-well drilling to clear rock chips. a 
* absorbed by them as you slowly adjust the - os eee. 
frequency,around the target value. When Vv Vacuum chamber at the base of the cesium fountain . any » > 2 
« , ine maximum amount is being absorbed, clock at the National Physical Laboratory in England. i te Qt As , ra 
Jdpdicating that your signalisdeadonthe | i a ti Se 
transition’senergy level, the frequency c S 
of oueiene! is by definition exactly 2 = 
9263177000000... gigahertz—if, that is, | 6 o 
ium atoms are in perfect isolation | 6 Y S 
ne cesium in this ampoule melts if you hold it in ir E > 
your hand for a minute, yielding the prettiest gold O o ws) 
liquid. If the ampoule were to break in your hand, 9 § 2 = 
the resulting fire would be extremely unpleasant. Lu <x n 
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Barium 


BARIUM, FROM the Greek for heavy, 

is not particularly heavy. It’s actually 

ICexsoue (ov alsiom detebemalc.bellebesm@-Ar-Weelsi rl 
known for being light. But while barium 
Htswalolmaler-MaV@iemolelncm (o)uenrmostclenvae)i 

its compounds are, and many of its 
applications take advantage of the density 
of slurries of barium compounds. 

One such application is oil-well 
drilling, where barium sulfate “mud” is 
je)bvenyereremeloyiisemaelcom date ele) (om-Kwim cm olcsieres 
hull (creed Malexeloekyin‘aeymestcnroieleloyemerciie 
1d Coy-1 mp noel ae suyoscmelom-lavemelvimeymsetcmaley(cn 
Barium sulfate solutions are also used to 
venture somewhere else the sun never 
Vabdalccwe beMmelomcolmenme)moy-buleleems)alcveetalcn 
Barium sulfate is opaque to x-rays, so 
eK oleralenercmeyemnysel(lemel-vumeymlslemenlcccluaye 
system you want to image, you either 
swallow it or introduce it through the 
other end and then take an x-ray that will 
show in detail all the twists and turns of 
the digestive tract. 


TRADE MARK REG. 


KIC BARIU 
“GETTERS" ty 


PACKED IN VACUUM = 


Rasen NO, 2160714 
KEMET LABORATORIES CO, Inc 
CLEVELAND, OHIO, U. S. A. 
UNIT OF 


Union Carbide and Carbon Con 


<@ Pure barium is a shiny metal, like so many other elements. 





Pure barium reacts rapidly with 
oxygen (8), a property that makes the 
metal form useless for most applications 
but turns out to be very useful when 
you want to get rid of this gas. Old-style 
Ve-LeLULUDOOMAUlOLoCMULLEI-VIM@arcAUck-Mor-lk@ekeys 
silvery barium metal evaporated onto the 
inside of their glass envelope. The barium 
reacts with any stray oxygen, water vapor, 
or Tnoley amen (ey eleComeymallexesxosm@AMistlMniccls 
left over during manufacture or makes 
its way over time through the tube’s glass 
and seals. Similar barium “getters” are 
used in many kinds of lamps and vacuum 
systems to remove the last traces of 
oxygen or moisture. 

In the post-vacuum-tube era, 
the neatest use of barium is in YBCO 
superconductors, described under 
yttrium (39). From superconducting 
magnetic levitation we turn next to the 
rare earths, a group known for their varied 
magnetic properties. 


L186 


BARIUM SULFATE SUSPENSION 
(GO wey, a1 we) 


NA 





<< Barium getters must be stored in sealed cans for 
shipping, lest they try to clear the whole planet of oxygen. 





7 TF a 
i Tue. Al 


—_— = 


— 


A Almost all common vacuum tubes containa 
barium getter of some sort. This one has a large 
patch of the metal flashed onto the inside of the 
glass envelope. 






<< Barium sulfate 
is commonly 
used to image the 
digestive tract 
from both ends. 


» The mineral 
barite (barium 
sulfate) from the 
Julcani Mine, 
Huancavelica, 
Peru. 
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Lanthanum 


LANTHANUM IS THE FIRST of the rare 

earth series known as the lanthanides, 

the uppermost of the two rows of 

elements commonly shown separately 

loX=) Coyivadatemeet-liem elon (orel(ome-le)(omavlmeye 

daome-Daleat-tencelewm-ucmelalcseablor-li na-bentelcit a 
identical, and they are all found together | 
in the same ores. In some cases it took : wy! 
years to realize that what chemists had 
thought was one element was actually a 
mixture of several different rare earths. 

The main differences are in magnetic 
properties; some rare earths such as 
jaLcroxenvsaeveleaMm(ol)aet:l comaatonlene)areente 
magnets, while others such as terbium 
(65) are used in alloys that change shape 
jbaWpat-teaslcialomats) (eke 

As for lanthanum itself, it is one of 
idatcmaatelcimr-lolonaler-Velmeymlelcmuclncmer-Duaats 
(which really aren't that rare), and is 
UINcrOm Do maetclonva-lojo)ecer-lulevetmivelsnen ls 
doesn’t matter much which one youre 
using. An example is lighter “flints,” 

iV blo) om-Vcw-Ce1mer-linia-liCeyicmeymineyanr-tare| 
“mischmetal,” German for “mixed 
metal” and referring to a mixture 

of lanthanum and cerium (58) with 
smaller amounts of praseodymium (59) 
and neodymium. (Mischmetal isn’t a 
precise alloy, it’s basically just whatever 
saad. CaUDncMer-lealeMOlelMeymuelcmanvselcmeer-lmer-hiA 
DoW ent-venta-loje)i(e-laloyemuelcmectncmor-lueaks 
are interchangeable, so there’s no point 
going to the expense of separating them.) 

Rare earth oxides are heat-resistant 
ele med Covi ouredalenvmnsatcvemslolemest-l.enete 
them useful in lantern mantles, which 
are basically incandescent lamps heated 
with gas instead of electricity. 

Giving lie to the term “rare” earth, 
E:VoldatcveleleaWiwonleyncmsetclomsevncromanentonwsl: 
lolbreler-velmaemealomcrclul ek Membiciar-lwlcr-lem(s¥) te 
and cerium is nearly twice as abundant 
as lanthanum. 







A Blocks of mischmetal, primarily lanthanum and 
cerium, are used for spark effects in movies. 


A The mineral bastnasite, 


((EROr-\[( 1 @Oc)} 


ud, or 


é 


A Adramatic shower of sparks created by 
xe) Ce flare R-Manlexeuliil-it-]ne) (exe acek-Kelalateliats Madil-t-1 8 


A Lanthanum oxide glows brightly in 


< A large torn ingot of pure lanthanum metal. camping-lantern mantles. 
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Cerium 


ON EARTH CERIUM is almost as 
abundant as copper (29) and is quite 
inexpensive, especially in the form 
of cerium oxide, widely used as an 
abrasive powder for polishing glass. 
Cerium metal is pyrophoric, 
meaning that it can catch fire when you 
scratch, file, or grind it. In practice this 
doesn't mean the whole lump catches 
inincrmolULm@pe-NaelcomdatclmsalcmJetchulerccmoleluel 
as they are formed, making the material 
very sparky. Not surprisingly this 
makes cerium useful in lighter flints, 
where its highly pyrophoric nature is 
Vaatoxe(<yuchncre mopva-liloyistetcmimiullemineyem@Ac)e 
Large lumps of undiluted mischmetal, 
EVoldatcvelelestrecauiepesmesldqnbnnccmelscaulelere| 
under lanthanum (57), are used in 
movie special effects to create huge 


The mineral miserite, 
K(CaCe),Si,O,,.(OH,F),, 
from the Kipawa Alkaline 


Complex, Villedieu, 
Quebec, Canada. 









Cerium oxide powder is acommonly used 
elele-Fihd-wcolmelalareliate R-lavon exe)icialiale ke | he 


A cut ingot of pure cerium, one of the least- 
expensive rare earths. 


trails of sparks, for example behind a 
car that’s dragging on concrete. 

One of my favorite rare earth 
samples is a campfire starter that 
is basically just a huge lighter flint 
saatolepalccrembam: me) -in(omer-larel(omiWaloemvolel 
scrape it hard with the back of a knife, it 
puts out an exuberant shower of sparks 
Id okctmcJelovel omat-aucmalemenelore)(omrcaatianets 
a pile of dry tinder. Not that I’ve ever 
used it to start a fire, I just like seeing 
the sparks. 

Other applications include small 
amounts in aluminum (13) and 
magnesium (12) alloys and tungsten 
CLAN 2) Coltateae) (cfeanere lace 

What praseodymium lacks in 
rojo) iCorlaCoyalmimnsleyncmaak-lamaet-l.cocmele 
Koymiemnucelsan 


A huge half-inch diameter ' 
rod of cerium-lanthanum-iron 
alloy, basically a giant lighter 
flint, creates a shower of 
sparks when scraped witha 
steel blade. 
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Praseodymium 


IF YOU’RE ENGRAVING element names 


on a set of tiles, praseodymium is the one 
to watch out for: It’s the widest element 
sar-VenComuetcln cfmiew-me)nejereyun(oyar-lnacjer-(acre| 
font; rutherfordium, element 104, has 
more letters, but only one m). This is a 
fact you learn when you're planning to 

Jo) Uni Ke Far- tow re N(6 eco) nom (ore) nce x0 yur MUVoreyeleyel 
table in the shape of the periodic table— 
a periodic table table, if you will, with 
engraved wooden tiles for each element. 
Din(o)bieucm ole) mo)e-laveveatcacielelem-me)Ke)(01m 
you may not find this information of 
much use. 

Many rare earths are not actually 
very rare—they got their name mainly 
because they are difficult to isolate. The 
solvent extraction method used today 
to separate rare earths relies on the 
slightly different solubilities of rare earth 
compounds between two liquids that do 
not dissolve in each other (in essence oil 
and water). Even though the differences 
in solubility are small, it’s possible to 


arrange a countercurrent system in which 


many, many extraction steps are carried 
out in a continuous stream, progressively 
increasing the degree of separation until 
dolemcieloie-alGemlame)alcme)et-ticmhmalcr-vuhvaelelncs 
Countercurrent solvent extraction 
completely revolutionized the availability 
O)ie- Um dalome-vucmerDudete-lelemeln-vent-lalerliny 
lowered their cost in pure form. The 
sudden availability of large quantities of 
rare earths at reasonable prices set off 
a search for useful things that might be 
done with them. This search was more 
successful in some cases than others. 
Praseodymium, for example, found 
use in “didymium’” eyeglasses, which 
have one very specific application— 
glassblowers view their work through 
them. A mixture of praseodymium 
and neodymium (60) gives the lenses a 


< A block of pure praseodymium, slightly oxidized. 


seemingly weak blue tint that is actually 
the result of very strong absorption ofa 
specific wavelength of yellow light. This 
wavelength corresponds to the bright 
sodium yellow emission lines that give 
hot soda-lime glass its intense color. It’s 


quite remarkable: When you look through 
didymium lenses, you can stare directly at 


a torch that is heating glass to the melting 
joXe)ialm-balemcrcromeleleaviotomelbimestcmetellme)iote 
eC ie) mda Tom Conca m at-leatou-valeu-Wr-vrelmuclereny 
(oye elexomed (Oy mane) enm salou slolmedt-licmme-l <omuele 
glasses off and the blinding yellow light 
KO) KO eM UOLUM CON (OL0) cI AYA 

What a difference one proton makes: 
/SuKovacmdatcmelonroelsinvae)meyr-kcrerensentionan! 
to an element you almost certainly have 
Yo) naCome) m-bnolelave maatcmalolukicmmelcrorenwenlionenn 


<@ Praseodymium 
creates the color in 
it] <-Meil] lo 4] nexelalf- 
based peridot. 





WV A blue filter containing praseodymium 
turns an inefficient yellowish incandescent 
bulb into an even less efficient daylight- 
spectrum bulb. 


Molycorp 


These elements 
are no longer rare. 


Makprang plane. cedire 


Try them. 





A Sample set given away to advertise the fact 
that the rare earths were suddenly available at 
reasonable prices. 


» Lens froma pair of 
didymium glassblowers’ 
glasses. 


WV Carbon arc light 
rods with praseo- 
dymium-doped 
cores to create : 
daylight-white light Age 
for motion-picture 
il allate B 
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Neodymium 


NEODYMIUM IS THE BEST known 

of the lanthanide series of rare earths 
loYerercLblome) malcrorenysscieleamect-teas(cnmanusl(es 
are actually made of a neodymium- 
iron-boron alloy). These are by far the 
strongest readily available permanent 


magnets, so strong that they are genuinely 


dangerous to be around, especially if you 
atc AVcmeeleyncmiet-bame)elen 

AM atcarmercvemlereslenceyis-tuemer-(eamelenton 
from a foot or more away. Heaven help 
you if you're holding one of them when 
that happens. Even very small ones can 
give you a blister; large ones, a few inches 
on edge, can destroy a finger or an entire 
Jak-Velebmeyi'c-li (oy iiabatcmeyatcucyeat-Vimalcrorenvnstionen! 
magnet is no big deal: you just wait for it 
to come out the other end. Swallowing 
two a few hours apart is an immediate 
medical crisis—they find each other 
through different loops of the intestine 
and stick, causing perforations that can 
be life threatening. 

This flesh-pinching property is used 





<@ Pure neodymium metal. 


A Achain of neodymium magnets is strong 
enough to wear as a bracelet without a string 
connecting any of the beads. 


Kom ele) Cemcr-vumbarcaw-baleMelielcsmr-l <ome)(onelateas 
type jewelry on people who aren't ready 


ico) mmdstomere)anteatioentsolme)m-bam-(aner-lme)(aceierce 


Neodymium has optical properties 
when mixed with glass. Really stupid 
sbalor-Vaelexyecielmolbllejmer-hicmelcrorenweanleleameel 
their glass to filter out some of the yellow 
Hbator-baelcnyercyelmetcd slamisle)Cobatcaremnyalincs 
ited nl med (oy(e) moe thy bled shemelacle)(emelcre- lone 
this filtering makes them even less 
Sis aCe(ovalmsatclem-loncr-Cehvmaloyuule)nymielcsuslelcvete 
ordinary yellowish incandescent bulbs. 
A better alternative is to use daylight- 
spectrum compact fluorescents, which 
are several times more efficient and use 
europium (63) phosphors to help them 
emit a more pleasant spectrum, instead 
of neodymium to absorb part of a less- 
pleasant spectrum. 

Neodymium glass is also a laser 
sankcltciut-lm-Ve) (om com-lenl ona itdelmelbliyes 
after being pumped full of energy 
Uli ew dectJelelbl Lele Malcmalcreme) (crselcralm 
promethium, needs less help to glow. 


A Tiny 
neodymium 
magnets are 
strong enough 
to hold on 
earrings without 
a piercing. 


_——_ 


A Neodymium magnets 
are crucial in lightweight 
hi-fi headphones. 


» Strong magnets 
attached to an oil filter 
trap metal fragments as 
they pass by. 


» Aring of neodymium 
magnets arranged as 

you would find them ina 
miniature motor. 






A Neodymium 
magnets make 
this tiny motor 
surprisingly 
powertul. 
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PROMETHIUM AND technetium (43) 
are the two exceptions to the general 
rule that elements below bismuth 

(Ccie)e- carci e-Vo) (ons DJULomKOm-Meeyanle)iar-laleyel 
of factors in the way the protons 

Vale malcleleneyalcmramealcniommiVens)(encales 
pack into shells in their nuclei, they 
pLokslmer-vammpaleCem-Mcr-lelyr-Celce)miacie-le)(< 
arrangement, meaning there are no 
stable isotopes of either element. 
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Technetium has interesting 7 | ——— 
Voye)icerctaCeyatcmlementselCorreCcMmolere 1, Tt — 
jo)noyenordevibuentcw-ye)e)i(er-laleyelw-tne | — 
meager. There was a brief shining | | —— 
moment, after people stopped using go . | — 
radium (88) and before tritium \ | A tiny amount of promethium - — 
loXerercbentem-ayc-bit-le) (om uat-hape)ueyeetciseviove| . ta this compact fluorescent bulb 5 glow —— 

— , “? switch keeps the gas inside ionized. 6S 
was used to create luminous dials and ra | a 
markings by mixing it with zinc (30) fi — 
sulfide phosphorescent material. Few aA SS — 
examples of these devices survive, and , —, — 
none of them work anymore because . ,s* = —— 
the half-life of the '*’Pm isotope used — 
is only 2.6 years. — 

Promethium was replaced by — 
tritium, an isotope of hydrogen (1), oo 
because tritium is much safer. The = 
e-Contclaloamanesanmamlanenanmelelecwmeleye 7 — 
penetrate the glass tubes it is kept — 
idevarcbalemimuelcmublolcrcue)ucr-l.emdslomaulaienenl = — 
escapes and rapidly floats high up and a 
away from people, because tritium, a 
like hydrogen and helium (2), is far = 
lighter than air. (Promethium and ~* = 
ecletlovenmoy-Vieleme)emestcmeldelcymet-lelenm-lis — 
sticky substances that can flake off — 
and get into everything, making for a =e 
messy and expensive cleanup.) a ; 

After promethium, it’s back \  « a= 2 
to stable elements for the next 21, ie = he — o 
starting with samarium. =a 5 m 6A = 

a Ze oS 5 a 
A compact Promethium luminous paint, as Fr 4 — E 2 
This promethium luminous button fluorescent bulb that seen on this compass dial, was used o <= 0 > 
ZEN elmore [Ulor-Xe MUTT avon (Vicon d-1mj Colel a <-leyt uses a promethium glow briefly after radium was discontinued 3 = ae E 2 ia 
for making diving watches. switch (most do not). and before tritium took over. nw “a= < n 
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SAMARIUM IS NOT named for Samaria, 
the ancient city, but rather for the mineral 
samarskite, which in turn is named for its 
discoverer, the Russian Vasili Samarsky- 
Bykhovets (though his name, for all I 
Ire nXe)"ivap est hya-x0n oy-(el @celey-taet-lut: mimy/olem lore) < 
far enough). Because Samarsky was not 
yet dead when the element was named, 
a case can be made that samarium is a 
e110) Le ep.¢-000)0) (mm O)ncek-NalatemicreLeleyecaienenl 
GROTc) Fre) -bams) (coantcyolmar-beetcrom-vatcom-Mihwbale 
person. Unlike seaborgium, however, 
samarium was not named specifically 
Kom aloyale) maton olcvncvovePmbelelincromet-tealiats 
davue)brcdom-me)ncas(Oleinvmatcleatcemantnelcincl 
eKoYeyommorelenelmbamaenmoyere) ac. lelemesl Mm voe! 
will note, is my book). 
NCcZoXehisenvibuectanne)sbaelenevemest-teslelts 
are the strongest available today, but 
samarium-cobalt magnets can operate at 
higher temperatures where neodymium 








A Anelectric-guitar pickup with 
samarium-cobalt magnets. 


<4 Dendritic crystals of pure 
samarium metal. 





magnets would lose their magnetism. For 
some reason, they are preferred in fancy 
electric-guitar pickups, though unless 
you plan to set your guitar on fire, I have 
saXom (olcr-m eleyivmdelcaaeelel lem elelcle) hmastet ce 

a difference in that low-temperature 
application. 

Old aormdatcvemlement-teaslcinyacr-vent-bulenanks 
applications are scattered; as with 
e)ccranvmenleceem-banac(snslelemuelume-lamarere| 
examples of chemical reagents, medicines 
(a radioactive isotope of samarium, in this 
case), and various uses in research—for 
example, in research on possible uses 
of samarium. And if I say it has no other 
important applications, someone is going 
iComcoyenlole-vuemuat-lamelemmcieloem-velemiuceents 
icJualo)\mienleleyuk-lelemslelmelem esleimanver.ia 


mean. 
The situation with europium is more 
illuminating. 


» Samarium-cobalt magnets 
are not as strong as the 
neodymium variety, but 

they can operate at higher 
temperatures. 








A Acoin stamped in pure samarium, one of a series 
created from nearly every practical element. 








RMN iteWeallat-te-leaatelat-P4ic= 
contains some of nearly 
every rare earth. 
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Europium 


EUROPIUM IS NAMED for the continent 
of Europe. As with ruthenium (44) this is 
sort of like being named for a country, but 
saColmndalcuctclealeMnclom Meleyedmeolelolmim.vente)ares 
the four that really are—germanium 

(CYA ore) (oyarleleemCcr-opmnn-valoiereem(srApr-barel 
americium (95). 

JS1Ubno}opuelenkce-ye)e)i(erclaceyalcmnreyantcansarcle 
unusual for a rare earth, center not on 
magnetism but on luminosity. It’s used in 
Je) Xess} 0) ake)nenreccs elm or-lealemlatelleretbaremcey nals 
amazing modern varieties that can glow 
lo}u led eLdhvacoympact-Vehwmentneluicccwme)mensenlhiace)s 
many hours, after being exposed just 
briefly to a strong light source. 

Europium is also used in the 
phosphors in those increasingly scarce 
CRT (cathode-ray tube) monitors and 
color television sets. Soon to be historical 
curiosities, these devices are giant 
vacuum tubes in which a focused beam 
of electrons is accelerated by thousands 
of volts toward tiny dots of red, green, and 
10) LUTom 0) aloscjo) ele) meyemistcmietsyle(omeymuatomaneyent 
wall, the screen. The color of light emitted 
loyvacr-Cel amele)m icmelcitcouasvelcromenymualekolcieatceles 
and compounds in that patch. Red was 
a problem in early color television sets 
loYerer-hulYom elo eexeleLe ml oyu lsd almncre mo) ale)-jo) slope 
siVéc tom -@aleynisePar-0 ale MOaloMe)Hals)mAnienee) leas 
Jak-Xom Com olcmbelccralalopar-Viniaelieabestcomue 
maintain the correct color balance. 

With the invention of europium-based 
red phosphors, color television could 

CLOKe Coley avmolereoyantome) uted lar-telemuleya-velemeoners 
Loyalewloleleietcmcaycjemeneccmsieeaohacemiele 
uolaabarcmey meal! (ehncoeksmoenliacelmeslomive)elemeny cm 

(Coyanyor-rmalbreynoniecselmircdalae)elloywmuslente 
wonderful devices that have liberated 


» This tiny two-watt compact fluorescent bulb 
produces a bit of light for nearly no power. 


<@ Pure europium oxidizes over time, even when 
stored under oil. 
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us from Edison's horribly inefficient 
incandescent lamps, also use europium 
shel date onld.@e)mo)alorjo)eleyncmualcaacienleieny 
to create a pleasant spectrum of light. 
Iam now so accustomed to the bright, 
beautiful daylight spectrum light from my 
compact fluorescents that I find the dingy, 
fo) Cec) IKey iva ieedelmoymbeer-vele(secjelmelbllecnce 
be quite depressing. 

With gadolinium we return to rare 
earths with magnetic applications, 
id slolercdeme)me[Obicce-MODNICOKslaOuR 
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A Nearly all common compact fluorescent 


bulbs use europium phosphors to create a 
pleasing spectrum of light. 
V Monazite sand 
contains nearly all 
the rare earths. , 
: s tin 
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rexolahaleleic-W-N lal lit-lalmacve| 
to CRT televisions. 
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VY Compact 
fluorescent bulb 

sold with a pair of nail 
clippers. Wacky enough 
for Japan, but actually 
spotted in China. 
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highly paramagnetic, a property that narrowed or stops. 
causes them to be injected into humans. WM atelbteinmarencre)sntentcvnert-lm-n0)0)icer-luleyets 
(O)aTeKoyimex-Celo)iteviepeeksweet-liem-leje)i(e-luceyars have yet been found for this next 
is as a contrast agent for MRI scans. The jo) key aXe) aateyeleyemexCelo)bnevleleamet-Ker-M@.enuls 
idea is similar to the way barium (56) joXoycalmr-lmy eli m-lololblmnelevsemcconslelrclaelne 
sulfate is used as a contrast medium for GIS MOM clon pra ivelloement-lcc wimuoas 
x-rays of the gastrointestinal tract. convenient for showing someone just 
Soft tissue is quite transparent to what the heck the Curie point is. In case 
x-rays, but a coating of barium sulfate, youre wondering, this is the temperature — 
opaque to x-rays, will reveal details of at which a material goes from being —— 2 
the inside surface of the digestive tract. ferromagnetic (attracted to a magnet) <— 
Similarly, gadolinium responds strongly Kom oy-te-vank-te4elc10 (Omen lolm-laer-(areremrerr:| — ~ 
Come elem ant-teaalcie(emele)Celwiom-baW\y ine mpant-Celelielcmmmnontt:40(-10 em Dm olemeele) elev ven-Mieleslone)i a =) 
so if you inject it into the bloodstream (in —_ gadolinium in ice water, it will stick to — 
the form of gadopentetate dimeglumine), amagnet, but when it warms up it ; = — 
an MRI will show just where the blood will fall off. —— struck " ptt — fornoreason —— 3 
is—and isn't. An MRI can pinpoint the Curie point transitions are just one — 
Jo) kere) Isom (orer-ualoyeme) Mielcciuer-] me) (acrennetca oni of many odd magnetic properties of the — 
visualizing in three dimensions exactly rare earths, and not really as odd as the 5 —— = 
where blood is leaking from a vessel, or tendency of terbium to change shape — 
(ore T as (olor kom-Mereyalcjuu (es (e) ame) mo) Lele) ¢-texor when it’s placed in a magnetic field. —— 
— = 
<< A gadolinium contrast 3 o 
agents allows aleaking — 
blood vessel to be seen in = a 
this MRI image. = 3 
= = 
= 
tentetate = | 
iy 1.40 m 
u Sterile solution = 
“, Magnevist a 
(brand of gadopentetate Z 
& dimegiumine) 5 =a 
Injection 7 3 
4 g 
Rx only fo) C = 
o)) 2 o™ | 
= v = 
= 2: : 
5 tee 3S 
<4 A hook shape of pure gadolinium gives at least some semblance of varietyto => Avial of gadolinium 3 E 2 o 
the appearance of the rare earths. Of course, it’s still just another gray metal. MRI contrast agent. nm < n 
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Terbium 


TERBIUM ITSELE and to an even 
greater degree a particular alloy of 
terbium called terfenol, has the unusual 
property of changing shape when 
je) EXerere ba le-Went-te4 018 (om alc) (Coma Waele meymuals 
stuff will instantaneously grow longer or 
J 10) (comm Ona Mcyenk-TIm-beetelepalmelsyolcralenners 
on the strength and alignment of 
the field it’s in. This property might 
not seem very useful, but you can 
use it to turn any solid surface into a 
loudspeaker. 

If you press the end of a terfenol 
Hore Me (oyiisa me) em-MiVorelelcseme-le)(carejemmeaterel 
apply a magnetic field whose strength 
follows an audio signal (by wrapping 
the terfenol rod in what amounts to 
a speaker coil), the rod will shake the 
whole table, turning its entire surface 
baled olercxomvolelalecor-(elrclaiercacionutles 
that plays the same role as a speaker 
cone. 

Why not just press an ordinary 
Kojelelsofer-lccymoyelcomeatome-lo)tcw-balemexcrs 
the same effect? Because that will just 
muffle the speaker. This is an example 
(o) i dale o)uele)(enmeymionlolcrer-lalecmeat-lcealiarce 
Ordinary speakers exert a small force to 
move a lightweight speaker cone over 
a relatively large distance. In order to 
move the large mass of a solid wood 
tabletop, a large force must be exerted 
over a short distance, which an ordinary 
speaker magnet and coil just can’t do. A 
terfenol rod is one of the very few ways 
to make this type of loudspeaker, and 
ole mer-vale-(nbr-lnimolenmr-leuhi@neley¢oloayaue 
terfenol devices designed for exactly 
this purpose! 

EMoyel A Meaucjoynesslosenm et-lemcielolam-miste(< 
spectrum of uses. 


A rod of terfenol alloy inside a copper coil 
creates a solid-surface audio driver. 


Cut slice of pure solid terbium. 





Terbium-doped red 
glass decorative teardrop. 


This SoundBug speaker 
contains the terfenol solid 
surface audio driver 
shown below. 









Bumpy rod of very- 
high-purity terbium. 
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Dysprosium 


IT’S NOT THAT there isn't anything 
useful to do with dysprosium. It’s a 
sanvueleymoce)enloleyelcsolmiomeslcmecvuccvele)m-liceyy 
discussed under terbium (65). It can 

fo} o)aKe)ar-li nia orcu-manviale)mexeyentoreyatcoelmnel 
the neodymium-iron-boron magnets 
discussed under neodymium (60). It’s 
a minor component in several other 
applications. But in terms of trying to find 
really interesting applications unique 
to dysprosium, the element lives up to 
its name: from the Greek dysprositos, 
meaning “hard to get at.” 

Usually if you Google an element 
name, you'll find lots of companies 
JoXoyc] eb etcm neve) wectclaceyem-lolelelmeleimintots 
products use that element, or scientific 
papers exploring its interesting 
Je) x0) oleru sem ole) Gul omeacjoyue)-jivvaste-bare! 
you have to go to the fourth page of 
results before finding anything that 
isnt a periodic table website's entry for 
dysprosium, usually an obligatory “it’s an 
element, so we have to have a page about 
it” sort of page. 

But that doesn’t mean there are no 





» Hollow cathode lamps, which create the charac- 
teristic spectrum of the element they contain, are 
available for almost every element, making them 
handy when you have few other photographs to 
represent a particularly obscure rare earth. 


<@ Pure dendritic crystals of dysprosium. 


<4 Acoinstruck in pure dysprosium. 
Yes, we live in a strange world. 
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shanholeyue-tolm-y0)0)i(ercluce)ekmCOymenajonenyieleal 

ita LUrslmpoeler-velomeet-lml elon olere)o)(omiyelen eaten 
lolelelmselcseameCOvemmic)/Mislcmalccemcone.ll ate 
jo)b1e) i(omm sicavcoy ale maslomiVeyuleMeymivetclmvelel 
find on the internet, or even in books and 
scientific papers, there is a whole other 
realm of private knowledge kept inside 
companies as trade secret information. 
Dysprosium, for example, is widely used 
Shame atom ce) waeme)Mehycjo)ne)-vieleamlorel(elcm-tare| 








” 











A Himalayan sea salt is sold with claims that it’s 
healthier to eat than regular salt, in part because it 


dysprosium bromide salts to impart | —— = 
valuable spectral lines to the red color i —— 

range in high intensity discharge lighting. — ~ 
A'(olbM at-b(omalenelolelolmjelcvelmect-tenmslelern: —— S 


under the glow of commercial lighting 





systems containing dysprosium, but contains a laundry list of elements, including dyspro- = 
unless you happen to know someone sium (which is not healthy to eat, making the claims 2B 
who works in the industry, you are not more than alittle suspect). It’s also sold in huge solid 

likely to run into this information. (Not chunks like this one, which has been turned into a 

even, as of this writing, in Wikipedia, lamp by hollowing out a cavity inside. = 


which seems to know just about 
everything about every element—but in 
fact does not.) 

The next two rare earths, holmium 
and erbium, are a bright spot on the way 
icomdalbinieneen 
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HOLMIUM ACHIEVES the pinnacle of 
aspirations for a rare earth element. All 
of them have some kind of interesting 
saek-teaalclalom o)ne)olounvaolelmace)iselionssmer.t: 
the highest value for a particularly 

Hae} oxeyae-laelme)elcmmaatcmaet.tean(cn(emasteyvaetcyele 

What this means is that when 
aXe) bnevieleaWicme)t-(ecromiem-moat-tcaalculemntolen 
datcmele)scatioveom-lcoyectmiretcmeemivisemuale 
in(o Ke cDaKemeoyalecselur-lccmlemoyuretcdiareasate 
magnetic lines of force closer together, 
thus raising the field’s local intensity. If 
you put a slug made of holmium—called 
a pole piece—at the end of a magnet, 
you get a stronger magnet. 

Holmium pole pieces are used in 
MRI machines, in which extremely 
intense magnetic fields line up the 
atoms in the body so their nuclear spins 
can be measured. These magnets are so 
strong that elaborate precautions are 
taken to make sure that no metal objects 
ever get near them. True story: I had 
VeW\Zbad meloyalcmeyalecm-balem salem tcanentert-vel 
insisted on x-raying my eyes first, which 





matiacWate)laalitlaakeceliak 


Polycrystalline surface of pure holmium metal. 





baffled me until I learned that it was 
because I had answered yes on the 
Xobaebht)(oamce)uaemcomnyalcidalcoms met-lemeloyals 
any welding or metalworking recently. It 
turns out they worry in such cases that 
tiny fragments of metal might be lodged 
under the patient's eyelids, and in the 
tremendous magnetic field of the MRI 

1d ot cavm onl red almeceyantcm lolekiem- vale mcrerr-tenle)(cm-vel 
eyeball. (This is the kind of question you 
know they ask only because that exact 
thing must have happened to someone.) 

Sticking with medical applications, 
the lasers used for laser surgery are ° 
often holmium-doped YAG (yttrium ™ 
aluminum garnet) solid-state lasers: 

As with other rare earths, holmium 
impurities in glass and crystal materials 
create color centers that can store 
optical energy and release it in the form 
of a laser pulse. 

While holmium wins the prize for 
rare earth magnetic properties, the 
optical properties of the rare earths 
reaches a pinnacle with erbium. 


Holmium chloride is the form in which this ele- 
ment is introduced into high-intensity discharge 
lights, where holmium’s spectrum is useful. 


MRI machines use holmium pole pieces to 
concentrate their magnetic field. 
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ERBIUM PLAYS a crucial role in modern 
communication systems because it allows 
a pulse of light to be amplified in a fiber- 
(0) 0] sLomer-lo)(omivstenlelimca(c)m ar-Aslel-mconeeyehuciul 
it into an electrical signal. A weak pulse of 
hfe shatexe)aaliateme(oyiem-vemejoleler-lMalelomoslcca 
a section that has had a small impurity of 
erbium introduced into the glass of the 
fiber. The pulse exits this erbium-doped 
section much brighter than when it came 
in—amplification happens entirely inside 
the fiber; there is no intercepting of the 
pulse, it just comes out stronger than it 
went in. 

O) Kereta iUsloelaicmielemoslemels 
with more energy than you started 
with, the extra energy has to come from 
somewhere. (Anyone who tells you 
otherwise is probably trying to sell you 
something, and whatever it is, don’t buy 
1a) 

To operate this device, known as an 
erbium-doped fiber amplifier, you first 
at-hUcm com olorenlomcvalcucamialcomiatomelojelcemsleron 
using a laser. The energy is stored around 
the erbium atoms in the form of electrons 
promoted to higher-energy excited states. 
The energy stays trapped there until a 
pulse of just the right wavelength of light 
comes through and triggers the electrons 


WV Exotic bismuth-tellurium-erbium 
alloy created for research purposes. 





<@ Solid erbium ingot torn apart 
to show the internal crystal structure. 


to decay back to their ground state and 
release their stored energy as light. 

The process is called stimulated 
emission, and is also the way lasers work 
(the word “laser” is an acronym for light 
amplification by stimulated emission of 
radiation). Crucially, the light emitted this 
way always travels in the same direction 
as the light that stimulated its emission, 
Yommd aVour-KeColcromiredalm lbatocmelomnsieemeats 
Hbalero)aatiatem evel kycm-bale melon Molelmeslcmaneyals 
end, not backward toward where the 
pulse came from. 

Lasers and related optical devices are 
among the most ubiquitous and useful 
devices ever invented, which makes it all 
id oom asloyucmentst-}0)eleyoalenercmuemater-linv@ucresl 
thulium. 


WV Solid pure erbium metal. 














A A high-power, erbium-doped, laser-pumped 
waveguide amplifier. 










>» Erbium impuri- 
ties create the pink 
color in these pretty 
glass rods. 
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Thulium 


JOHN EMSLEY, author of Nature's 
Building Blocks and a preeminent 
authority on the elements, called thulium 
“the least significant element there 
is” when we appeared together on a 
radio program. Strong words there. Will 
LYOV//ZOL{T aL E-VOCOM UNO MKOymUalbluioreskaN(olmentcs 
that’s for sure. It’s just one more rare earth, 
chemically interchangeable with the 
others and far less abundant. Thulium 
would probably make as fine a lighter flint 
MO (OME-Valdar-veleleomCoWAm-lelemecouleleamcots)molels 
it’s more expensive and hard to purify—so 
why bother? 

1s] ULmp atom ent-latcom slenniae)oxabincr-lel 
element is, no matter how tempting it is to 
call it completely useless, there is always 
someone, somewhere, who will stand up 
ico) mplom-valem Bielimar-Cemlonelemnsliomeatomast-tel 
iV stoMnsllmcve-valembromce)masnelilonenn 

When your're designing a high- 
intensity arc light, like my friend Tim, you 
build up the spectrum—the color—of the 
light it will emit by adding a mixture of 
elements into its arc tube. For example 
Yercbelelluisem@A DB molejelelt-vmelcrercloiiom it 
provides a broad range of spectral lines for 
making nice white light. 

SM oreliibventswact-lbemoleryelecicmremicon nce 
provide a broad range of green emission 
Hhatewiem-lem-lucreMe)mselemcjolcreuubeaemelelm@ucrCell hv 


ye ; Meenp - 
oY YP ee 


<4 Dendritic crystals of pure thulium. 





covered by any other element. Though the 
great majority of people have never even 
heard of thulium, lighting designers the 
world over would be lost without it. (You 
should have seen the look on Tim’s face 

AV elcsem mco)comalleemeer-lanmestolercdelmecneliivnan! 
was the most useless element.) 

After its discovery in 1879, thulium 
remained so rare and so difficult to 
separate from the more abundant rare 
earths that not until almost 80 years later 
could you actually buy it commercially. 
And even then it was available only 
loYerer-Lelow-lemcisale(crelmalcanmentcalelelemeys 
separating all the rare earths had been 
perfected. (The solvent extraction method 
described under praseodymium, element 
59, is used to separate bulk quantities 
of fairly pure rare earths. Ion exchange 
methods can isolate very pure samples at 
higher cost.) 

SU avelbueteewicwelenia-ay-ilt-le)(om-lmr- Melb IKs 
Heer-kso)etcloylom eye lGommlele muet-lmeyul@omnyll| 
remain reasonable right up until someone 
figures out a use that requires more 
idak-Vameetcmcyeet-li me lbr-lalelulccmalccrelcem (em-IKe 
ihfedohatotcam-umvebloamoeyiolmesneliioneekpe-lulay 
ill ehwaVcm salem oyu (ccm sebnelerciel 
the roof. 

1D ledelmoym-Melliconcvelmcve)umecyeslecwane)enl 
the next element, ytterbium. 


» Large melted lump of thulium metal. 


<@ Thulium bromide is the form in 
which this element is introduced 
alcom alle lamlalccvartia Aci k<eu-lae [= 
lights. 


foil 





A Thulium contributes a critical broad range of 
green emission lines to metal halide lamps. 
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Ytterbium 


THE CITIES OF BERKELEY in California, 
[Dy Uloyat-Wiematelcis)t-lar-telem Dy-lunekie-lelmial 
Germany had to work very hard to get 
elements named after them. In fact, each 
oy acjaemat-(emcomentcl <omUslumeiuemeoentcales 


from scratch in giant particle accelerators. 


All three of these elements— 
lols) u<o)DLUNOOMCCWAPRCLULo)aNLUIeOM@R0)Pr-lalel 
darmstadtium (110)—are pathetically 
short-lived laboratory curiosities. It must 
really grate, then, that Ytterby in Sweden 
Jaketop ele ica'(c) meat-veW (éy/iapal(Gcrmcie-le) ls 
elements named after it, all of which were 
just found lying around. Yttrium (39), 
terbium (65), erbium (68), and ytterbium 
were all found in the same mine outside 
the village of Ytterby! 

Ytterbium’s star application is as a 
doping agent in lasers, where it creates 
color centers that store energy in much 
the same way erbium does in fiber 
amplifiers, described under that element. 

rab ecime)emelelerdemconconsloeneons 
when lasers were new and exotic, and 
Biel lBoleimesvoeemeyomielomyiomajeleum limes 
devices that if you don’ stand slack- 
jawed in awe of their existence, you don't 
bbale(ovncle-balemslenauslnanieue 

Inside a laser’s resonant Cavity, vast 
numbers of atoms coordinate their 
LoVe MiVliem-MolouKceulOemutclme-clemelaeeln 
oval byar-hendaComeLbr-velabenem (ca(clbmcarco mime) ele) ceye 
of light the exact same wavelength, 
exactly in phase with every other photon, 
all traveling together as a single coherent 
beam. It’s not just really well-focused 
light, it’s a completely different kind of 
1hied nl ame) acm Ua t-umer-vem olemey.¢o)k-vealcromeyalay 
by the utterly baffling laws of quantum 
mechanics. 

I wish I could explain in a few 
paragraphs how a laser works, I really do. 
But it takes a couple of years of calculus 
and a semester or two of physics to even 


Torn dendritic crystals of pure ytterbium. 


ask the question properly. Once you get 
there, the answer is absolutely worth it, 
(eKefejor-balem olcr-ueneinel m-lale mom ucr-] Molemer-tel 
taste it. This and the many answers like 
it are among the main reasons to study 
higher mathematics. Math is the language 
in which the secrets of the universe are 
written, and through its understanding 
comes enlightenment. So do your 
JaXoyantcanioyu em O) Ca lemive)alemsslem(oleluatets 

Getting to lutetium, on the other 
hand, is worth the effort for an entirely 
different reason. 








Ytterbium coin. 


The mineral xenotime, 
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High-purity ytterbium bromide, used in the 
lighting industry. 
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Lutetium 


THE MOST WONDERFUL thing about 
UULRe elena Mmualomt-lc)me)mueleMt-lelietcbenlel 
series of rare earths, is that it’s the last 
of the lanthanides. After lutetium we 
can get back to the dynamic and varied 
world of sixth-period transition metals, 
home of extremes in density (76, 77), 
temperature (74), and romance (79). 
But for now were still stuck in the 

rare earths, of which lutetium is no 
standout. 

So why, you might ask, are the 
rare earths all so similar, so nearly 
interchangeable that for years mixtures 
of several of them were thought to be 
pure samples of a single element? 

The electrons in an atom ofa 
particular element are arranged in 
concentric “shells.” The weirdness of 
eer-velabioamestcat-vellecweale-lecMveleene 
satolmr- li (oyiicrom Comsebel qovm-leme)(ceaneel-ts 
having an actual location—they are 
more like clouds of possibility, known 
technically as probability distributions. 
But as a shorthand for understanding 
chemistry, you may imagine that some 
electrons spend their time closer in to 
the nucleus, while others live in shells 
further towards the outside. 

Chemistry is primarily the story 
of the outermost shell of electrons. 
isiClaateselecmyyldemeatcmcr-Deslcmelorenlelcymeys 
electrons in that outermost shell tend to 
have similar chemical properties. This 
is, in fact, the fundamental principle 
that gives shape to the periodic table— 
elements within a given column have 
datoucrcleatemalepesleloo mem lsleniome cl (cals 
electrons.” 

bal ce Xeyc]m or-luecmey ml elem oleyu (olen (ones le)icn 
when you move from one element to 
id etomalcr. dm Volum lucm-(eleltatce-Belaimcl(celes 
electron each time, giving each new 
element unique properties. But in the 


A cut shape of pure lutetium. 





rare earth range, electrons are being 
added to an inner shell instead: Every 
one of the rare earths from 57 to 71 has 
a filled “6s” outer electron shell, and 
differing numbers of the deep “4f” shell, 
iV stel ameeyelaulelbicccmepelhwmenvionient-Vnmne 
chemical properties. 

(Nothing with chemistry is quite 
1d ak-Hmnc} 008} 0) (omCLOm CO) mcn.¢-banhe)(cmexclece)itavionan! 
e)bLeMoyelem) (creaneyemlalcom- mere me) ae)ie:!| 
instead of a 4f, giving it slightly 
Vale) eat-llelermelelesaal lore) m-balement-teaa(ciale 
properties compared to its neighbors. 
jnibyomeavue)orcd ome elcome) (ce1une)emee)evatcaenectaleyel 
ehr-teau-benlsmeyemeelcmurcdalm)(elome)mcr-Celem er-texe 
and you'll notice a few other out-of- 
order cases like this.) 

Because the outer electron shell has 
daVouctcleatemee)evarcaebectaceyemie)mcr-(eemeymusle 
rare earths, their chemical properties 
are all similar. But magnetic properties 
follow an entirely different set of rules 
that involve all the electrons, not just 
the outer shell. So what they lack in 
chemical diversity, the rare earths 
sank-l combyomce)miemleat-tcauatcleavemeat-tcastciale 
properties. 

You will sometimes find lutetium 
described as the most expensive 
element, or the most expensive rare 
erchad aM OlOLMmUsrchmpbelce)usstslule)amicme)vlmeyi 
date. Lutetium is still not dirt cheap, but 
modern separation methods have made 
Huereksvo)ek-Lo) (omepercveluulcrme)mim-hic-Hit-Le) (on 
and it’s not as if anyone is beating 
cKoyiivomdalemelocoymcomolenadelcnciaeliem mneleice| 
not be surprised to learn that element 
collectors are one of the larger markets 
for the pure metal. 

There’s not much more to say 
about lutetium, so let’s just move on to 
hafnium. 


A coin made of pure lutetium, an unthinkable luxury a few 
fo [-Yor=Yo(-SB-To(oM o1¥] MaLenyAelU[i<-M o) g-Loi ter] MM A(-1| Mato a ol e-(oadfot-] METI atox 


it serves no purpose, but at least not expensive. 
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HAFNIUM IS A SPECIALIST: It does one 
thing and does it well. 

Tom dalemor-Kiemerbinanalcmsebnelercdsmciccrl| 
required an oxyacetylene torch connected 
Kom Ayo aler-hravar-Dalem oleltc)alur-ll naer-lerexcnelers 
cylinders of compressed gas. These days 
you can cut steel with a completely self- 
contained plasma torch that needs nothing 
more than electricity from a standard 120- 
Co) Lan i'c-l)melbnd(clm-valemselce-limr-lnelenalembty 

A plasma torch contains an air 
compressor, some fairly complex control 
electronics, and a copper electrode 
Vide Melehvm@eloiace)emeymolelncmot-iialionen! 
embedded in it. When you pull the trigger, 
the electronics initiate an arc from the 
hafnium button. A stream of compressed 
air blows the arc plasma out the tip of the 
Kono el-balemialcomselcmestcir-l MVOlomic-lelmconcele 

Once steel has been heated to a high 
enough temperature, it will burn in air. 

WM atcmo)bll ae)mdatenebinenalcane)u @icxeleyalcmeyvmuats 
stream of compressed air from the plasma 





A The plasma emitted from a hafnium button burns 
steel into a shower of sparks. 


<@ This remarkable image shows the inside surface 
of a huge high-purity hafnium crystal bar from 
Russia. It was created by the van Arkel process, in 
which hafnium tetraiodide vapor is broken down on 
a hot wire. 
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torch, which contains oxygen thatreacts =» Hatnium 


with and burns away the steel. The arc carbide 
doesn’t actually cut the steel on it own, it cutting-bit 
insert. 


simply supplies enough extra heat to keep 

the steel burning. 
AVVdohig@ck-Uecvueioombamectomalora@ur-lnalloven! 

Jakzkowr-Webtcd om ontc)iunatcm oleyiolm-velemimeyenneants) hi 

resistant to corrosion even at very high 

temperatures, so it is able to withstand 

1d aKomoroyaCounaloyelcme)mealce-bxem lo)merercralelarel 

















periods. But other metals also have those —— = 
properties. Hafnium’s unique advantage 2 
is the ease with which it releases electrons — s 
into the air. When an electric spark leaves — =) 
a metal surface to begin traveling through — 
the air, it takes a certain amount of energy — a 
for the electrons to make the jump. With —— 3 
akcvenviveactmdatce-venelvelmwenlievient-lemr-lilonnanets = — 
1d oToMed (pea nele (om olUnacopemComuelameree)(cmr-telemsate — 
arc hotter. — = 
The electronic circuitry that regulates» High- — 
the current in the arc of a plasma torch no purity crystal —— 
doubt uses capacitors made of tantalum. _ hafnium. — = 
W The hafnium button inside = 
a copper plasma cutter tip. S 
f=) 
3 
f=) 
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3 
A The mineral = 
hatnon, (Hf,Zr) 5 = 
(SiO 4). . 9 
“oO jor 
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Tantalum 


TANTALUM IS ONE OF TWO elements tantalum filaments, which were so much 
1d ak-Hep atchVom ok-CeM oLey((ecolancmeyuct-0 ey Ac10mr-lex-100 lc] MB COLO) ReMRcdOE-lo)Ccmuat-Vemuateme)(elcomer-taoleyet 
them. People are urged to boycott the nlEvenoool@olellocmeat-umdatcmMle-val(okmelrcdale 
other one, carbon (6), because sales of lights could actually be left on at night. 
mecoyaldate1mebt-tenleyarelwar-yel 0) ele) amer-niavaleler-l| But all the early diversity in lightbulb 
wars in the regions where the diamonds snl EVaotcsoum@act-lccuur-lomolaleloceliatcmer-ueleyer 
are mined. Tantalum is opposed tantalum, osmium (76), even platinum 
for a similar reason, with the added (78)— fell by the wayside when it become 
motivation that itis mined in areas where _ possible to manufacture tungsten 
endangered gorillas live: Gorillas are wire, the best (and, with luck, the last) 
ehistatcmcomibelemcae(cvul i t-Micvucwer-lalen-li mie): Hbalerctale(cniecselmelollemalt-beslcelmastsltcour:l 6 
e-veleclicneee 

ls Ceyiae(omolum ore (eolam-lene)(crsetcelt 
as obscure as tantalum? Cell phones! 
WEVoleclivenmicwelelmileetincromiam.le)e)iler-laleetr 
just in name recognition. Not just cell 
jo) aXeyatcrym olel mere) snlolelccrnme-ll enarcaele)licy 
medical equipment, radios, video 
games—virtually every device that 
(Loy ahecvinksmebtcdie-l med ccunneyallocme)m-Danva qnere| 
uses tantalum capacitors. 

WM atom-Vehvectolectexccmeyme-vele-vieleel 
Capacitors over other types include their 
small size, their high capacity, and their 
high-frequency response. Digital circuits 
generate lots of high-frequency electrical 
noise, which can leak from one circuit 
Kom-valolealcomdatnovercdemorennicimr-balemcytcaar-lt 
(Loy avetcre1eeyetsme k-vele-Viveemerlel-Celkeynce-lis 
especially effective at absorbing and 
dampening these noise spikes before they 
can cause trouble. 

Som seme) els) mcomoleneolnme-vale-Vielee ler! | 
you have to do is boycott .. . well, pretty 
much everything invented since 1982. 

If it weren't for tungsten (74), you 
might also have to boycott lightbulbs. 
Tomdetomsr-luha@sliiceyarae) mlelerbalelonecele 
lifedsleme-vele-lielestonic-les(oelmelellecmivone 
Loyanventernert-lniachiccll tle) (cme palelcrere rm tenloyare 
Ld atm aak-Dahvacve)oyaliciacer-uccrem (reat ave) (eysa (orl | 
advances advertised for the luxury liner 
Titanic was that its electric lights had 


iss a a a 
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Tungsten 


TUNGSTEN IS OVERWHELMINGLY 
associated with one application, the 
tragically inefficient incandescent 

jhfed ohdojel lone Walexieu t-vaetcoeleclo)(omencr-taloyers 
make light by electrically heating a 
very thin wire until it glows yellow- 
hot. Tungsten is the strongest metal at 
very high temperatures, and it’s quite 
inexpensive, which makes it the best 
material for this application. 

But tungsten’s best is nowhere near 
feXoXole Me) alelored opm aways 0) (er-] Bialer-lalelcnrecvelmelelle) 
converts only 10 percent of the electricity 
it uses into visible light. The other 90 
percent is simply wasted, turned into heat 
and infrared radiation. You might as well 
(or dalovenms) (eeu (om alcrcltoncmletclmet-lejeloel 
Cony op nore LUCecu-Waelbaloymenycae) nore lolol me) mite ale 
Unless you're using one to heat a chicken 
(Lore) of dav icw hale) mr-mexelelemsaliarcn 

If light is what you actually want, a 
far superior alternative is now available— 
compact fluorescent bulbs, which are 
several times as efficient as incandescent 
bulbs and last ten or twenty times longer. 
If you have any tungsten bulbs in your 
house, for the sake of the planet get rid 
of them! Every $2 compact fluorescent 
SOLU mrelie-lI MAUI Mernmanle)nomdat-vem-Mealolerr-balel 
joXove late Moy mor-Duolopamet(oyele(omovaeht (ovement 
from the electricity it saves. And the light 
sswankecelaWente)uomo)tcr-krclelamelelmelcjeyncni vse 
and yellow like tungsten light. 

ViN/ ov CoM datemetoyehatolerccembnieneymabeatcicciel 
ihe btcdatdo)olloycmiow-lom-loleyenlier-lalovammabnercciccyal 


» Antique tungsten- 
filament bulb. 


< Filamentfroma 
tungsten incandescent 
lamp, hopefully soon to 
be an antique relic. 


carbide is widely and wonderfully useful 
baMeLelannelcm cole) ce-lelemoleatsmeavietcmest-lmelcrcre| 
to stay sharp. It’s tougher (more resistant 
com an-leiaelmbercameat-vement-baslevelem-velems/17.a/) 
harder than steel, making it superior for 
NastcCelaviovatcmeatcvehmest-lccvutlie 

The metals from tungsten through 
gold (79) are all very dense; indeed 
osmium (76) and iridium (77) are the 
densest of all elements. But tungsten 
is the cheapest by a factor of about a 
albhatebuccermonter-ballercm@ lm MUliccemlemeetcleny 
applications where it’s necessary to put a 
Ko} me) micltcdalm com mjeat-Vlmcjor-(ecmm lace locelbare 
counterweights, fishing sinkers, darts, ear 
weights for dogs (seriously), shot puts, 
and so on. 

With rhenium we enter the range of 
the expensive metals and begin our final 
approach to the pinnacle of the metals, 

















<< Tungsten’s 
density makes 
it useful as 

- acompact, 
aerodynamic 
weight in this 
dart. 





» Huge 
tungsten- 
fof] o) (0 (= 
tipped slot 
cutting 
wheels. 


» Tungsten shot is 
better than lead shot 
in many ways, and 
less harmful to the 
environment. 











































A Tungsten carbide 
is the most common 
material for cutting- 
bit inserts. 
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m-LexX-ac-Xon CUT aeei<-1aKor-]a ol(o(-Mal-1 of-Yocolut-W ole) ol] flan rol 
rings. Because it cannot be cut with conventional tools, 
doctors have developed a new method for removing 
stuck ones: Cracking them with a pair of vice grip pliers. 


170 


Tungsten works for 
radiation shielding aaa 
much like lead. This 
i od(e Miao) (o e- EN ca lale (“Keys 
eel fey-Loa tha-Mul-xel(ellat=s 











Green tips signify pure tungsten 
in these TIG welding electrodes. 





Tungsten has almost exactly the same density 
as gold, making this gold-plated tungsten Zone-retined single crystal of 
cylinder amore convincing fake than most. very high purity tungsten. 










Tungsten carbide 


A solid tungsten pen: armor-piercing bullet. 


Very heavy in the hand. 


Very attractive four-pointed 
ro] FeESMel a] | Maat-ve(-Molmlate acct 
carbide. 


Spiral fluted solid tungsten 
fof] ode (-Met-ladiae fh lelae 
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UOT ATTESTED 


Naclalielan 


RHENIUM WAS THE LAST stable 
element to be discovered, in 1925 in 
Germany. It was probably discovered 
earlier, in 1908 in Japan by Masataka 
Ogawa, and it might be known as 
mallojelevavieioammsmeyelhia@yce-niucmer-lemereys 
idakelorcd slumr-lalemelt-tiealcre pmuet-lmalomerz(el 
discovered the element directly above it in 
the periodic table—element 43, which we 
now know as technetium. 

Elements in the same column of 
the periodic table share many chemical 
characteristics, so when Ogawa found 
an element that seemed very similar to 
manganese (25) but was heavier, it was 
quite reasonable of him to assume it 
must be element 43, a well-known hole in 
id atem oleym (ole l(Ome-lo)Ccmiem lei mlelcmulcdalmolk-lecn 
Sadly, he was wrong. Technetium, the real 
element 43, is radioactive and does not 
occur in nature—something no one could 
have guessed in 1908. 

Many years passed after rhenium’s 
chore (mimeo) nom ee) aaleatccet-lmelor-leleielen 
became available, and the stuff is still very 
expensive (we're talking several hundred 
dollars per troy ounce), due to its scarcity. 

Most rhenium is used in nickel-iron 
superalloys for the turbine blades in 
fighter-jet engines. The latest single- 
crystal superalloys used in these state- 

(o) cs dalcor-Dumabaueybelome)i-elecmeeyale-liem-lelelelt 
6 percent rhenium. Even though there 
aren't that many fighter jets being made, 
they consume three quarters of the 
world’s annual rhenium production. 

Single-use flashbulbs for photography 
were typically filled with zirconium 
CTO) A vcore) Pa olonme)lomr-lekyclaukysvenlsialis 
often boasted that they had “rhenium 
igniters” without even mentioning 
daXcwAlneoyevelen ae Walem-(elmiy concn e)Keler-leay 
trying to tell us that they had electronic 


<4 A pound of pure rhenium—quite a valuable 
fo} o) (=You ame (= oX-Tao late Rol amdnt-MetU[qa-Valauat-1a<-18 ola(ex-y 



















(tungsten-rhenium wire) igniters rather 
than percussion-explosive igniters like 
other types of flashbulbs, notably the 
GE MagiCubes that some of the older 
reZeralevechalovament-hmleyecelhi@ncrastcsenlorcomineyan! 
1 nXcab me) (6M \Coler-l.qbatsie-vank-lel(@cMm@ly [tea @1elelos 
required no battery: A sharp knock from 
arod connected to the shutter release set 
id alcyenmeysmentcceer-ballorlihvaivelllcmislontemnuslan! 
rhenium igniters required an electrical ~ 
signal.) 
aveleldatcymo)ecat-tjevleyelccemlekiencleslcvele 


idatem CoLerelectunmelyermeniccMeleldemeymlelcu elo. (ammau % eon 
two elements, osmium and iridium. a 


Vv Rhenium foil strips 
are used as evaporation 
filaments in mass 
spectrometers. 
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A Pressed button of 
rhenium powder, ready 


to be melted into a bead 
in an argon-arc furnace. 


Soi hit-We-la-Seallat-le-) 
rheniite (rhenium 


sulfide). 


<< A spinning disk of 
tungsten-rhenium alloy 
is struck by high-voltage 


electrons in this x-ray tube. 
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Osmium 


OSMIUM ALMOST JOINS copper (29) expensive mixture to inhibit wear from 


185pm ‘ SY ; 


Crystal Structure = 























and gold (79) on the extremely short list long-term use. 
of metals that are not gray or silver in Somewhat unusually for the 
ofo) Ko) em OLOLMLERETed OLMOLEIOMOe LMR OB ETAL generally oxidation-resistant metals in » Osmium-tipped 
you have to work to convince yourself this region of the periodic table, finely phonograph needle. 
youre really seeing it. Basically it’s just eXoyneKorncremekyenvivssemeatcie:l Muslim Kevin 
another silvery metal. oxidize in air, forming osmium tetroxide. 
Well, not just another silvery metal. Even more unusually for a heavy metal 
Osmium is at least as expensive as oxide, osmium tetroxide is volatile, 
uaTezevieleem so) per-telemeyem salem subelollacverlle sublimating at room temperature into — 
of hardness (a measure of how far a ball a highly toxic vapor. It is said to smell — = 
penetrates a material when pushed re UOimilcomeyA0yalcmolel mortem ellmeymo)inarem-ie —— 
in with a given force), osmium is the concentrations well below the point at — ~ 
hardest metal element. (Not the hardest which it can be smelled, so information a =) 
saatcltcdut-lemelolm dale et-tnelocimellcjealcelemelone on this is understandably sketchy. — 
detomatcinelecimoleincmen(orle Despite its volatility, extreme toxicity, — = 
Osmium is often found together with and high cost, osmium tetroxide is — B 
iridium (77) in a very rare but naturally UIKerem enle)nomUar-vemicelemoclicdalmesliel cunctce-! ——— 
occurring alloy known as osmiridium (or _ stain for electron microscopy of tissue — 
iridosmine or iridosmium, depending on specimens, and as a reagent in chemical 5 = 
who you ask). This extraordinarily hard syntheses. — 
and wear-resistant metal was (and still is) Osmium is special for one more — 
UIYcLOM bam malorenlolc)meym-loje)bler-haloyatmrelenarel reason. It is the most dense of all the — = 
in every household several generations elements. I leave this fact for last because - 
recom Da Le LUND arom Colebele-viemolcemellej-e-velel if you look it up in virtually any reference 
Je) okeyaloycan-yo) am atcrerel (ccm nisalcincesMOlehmelelace)sMmmncrOlUNKoCcrmOyalilalcme) me)ulalccrommuelomiull maletenr| = 
of osmiridium at the very tip of such different answer. But they are all wrong— - 
an item was all that was needed of this deleme (aici mo lvenoelmicwseymiucellonene 
= 
= 
= 
: S 
a 2 
A The package for this osmium-tipped phonograph A Beads of pure osmium take on distinct bluish hue = a = 
needle proudly proclaims how hard this metal is. in the right light. Fe ui = 
<4 A single bead of osmium with the most delicate » Osmium tetroxide crystals are dangerously 3 § 2 a 
NUT-Mey ao) [0-3 toxic and must be kept in a sealed glass ampule. Lu <x n 
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THE MOST WIDELY quoted value for 
the density of iridium is 22.65 g/cm‘*, 
while that for osmium (76) is 22.61 g/ 
chanhemcnt-leletemiu(enielesmestome(cvalicnime)m-ll 
elements. But those values are simply 
wrong. The correct values are 22.59 g/cm* 
for osmium and 22.56 g/cm‘ for iridium, 
which gives the title of densest element to 
osmium, not iridium, though by less than 
one tenth of one percent. 

You might think density would be 
an easy question to settle with a careful 
measurement. But when people talk 
about the density of an element, they 
mean the density of a perfect single 
crystal of a perfectly pure sample of the 
element. 

Jag u-y ox-Vunalcmcielelamclem(elcr-VayAccemcr-teele)(s 
is of course impossible, and even getting 
close can be very difficult in some cases. 
A more accurate method is to use x-ray 
crystallography to measure the spacing 
between atoms in a sample containing 
tiny perfect crystals. If you know the 
Joye lenalearctale maaComncltcdal me) mer-(olem-lkeyee mmole! 
can calculate how much a perfect crystal 
of any size would weigh, and from this 
N(olbmor-Vamer-lleleIE-Itomealom (elcr-VivAcremelalyiats 

The problem is that when this was 
first done, the then-accepted values 





<@ Iridium is extremely hard to melt: This lump only made 
it about half way to being melted, hence its odd shape. 





for the atomic weights of osmium and 
iridium were wrong. Those atomic 
weights have long since been corrected, 
but no one ever went back to recalculate 
the densities. All the reference works just 
(oo) 0 (16 Moy elcu-Dalellatosmor-lel @-velemcovuasBKeymrAl 
years. 

SM avicecyiaer-ualeyemecvel(oMnceet-tiel 
uncorrected so long because, other 
than students writing school reports, 
the values are seldom used. No actual 
eHasle) (ome) MevesvLelesmeyminlenlepesmelemnulll 
ever hold will have a density equal to the 
theoretical value. Getting within even a 
few percent of it is pretty hard. Imperfect 
melting, voids created during cooling, 
Vale mbaeyelermla(cnw-lI Miele ncrekiomie)lorentor-balel 
thus decrease density. So in practice, the 
theoretical density of any element is of 
purely theoretical interest. 

Due to its high cost, iridium is mostly 
used in places where you need only a 
very small amount. For example, some 
JaVfedatarea aXe (om-Nbiceyenteleyi(em-jor-1s @eylerenwlns 
equipped with tiny iridium tips that last 
up to 100,000 miles, far longer than those 
of conventional plugs. 

But the largest use of iridium is in 
alloys with its far more popular neighbor, 
platinum. 


<4 Beads of pure iridium 
are incredibly shiny. 


» A tiny iridium- 

alloy wire lets this 
spark plug last up 
to 100,000 miles. 





MB irelat-VAlarelielamtelakxelllner-¥ 


A Athin layer of 
iridium-rich clay 
present all around 

the world marks the 
boundary between 

the Cretaceous and 
Tertiary periods. The 
Hare liVlaaKedaleiar-lccvonin 

a huge asteroid that 
wiped out the dinosaurs 
65 million years ago. 
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mridalelen 


PLATINUM IS THE MOST prestigious 
element, period. Sure, gold is great, 

o)thmpe) Ec laveneloamiw-lhi'cchicmolciacc) mm eco) Te! 
credit card? That’s nothing compared 

to a platinum card. Platinum is more 
abundant in the earth's crust than the 
other platinum group metals such as 
rhodium (45), osmium (76), iridium (77), 
and even gold (79), but it is significantly 
more expensive because demand is so 





y~ 


—_— 





A Platinum spark plugs 
are now quite common 
and last nearly the life 
of a car. 






housed in a special room in Paris. This 
cylinder has a mass of one kilogram by 
definition. 

It’s not a very good definition. 
The cylinder changes weight regularly 
VA GLsda MI McMOl sr Talovemeymmar-Valeltsvemm-lalemts 
reatoyisamconetchcmolecemeruiialercaeyacoals 
of micrograms—eventually a better 
definition must be developed. Most likely 
the kilogram will end up defined as a 
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high. certain number of atoms of one element — = 
ELavelbseemcucromienloleyuc-valmiel (oyu. eloldeoemeymlemcciuselmeymlslcmeet-tesalciile —=— 
JEloleye-tne) mia tele mbalelelieur-lm-lo)e)ilectaceyets force generated by a precisely controlled — = 
that despite their absolutely outrageous electric current. a S 
cost, you can buy things like solid WM atom odnole)(enmisidome)t-laelenenm(anvoiny — 
platinum bowls, crucibles, filter holders, is that it looks pretty much like silver (47), — _ 
and electrodes. More than any other palladium (46), or even lowly chromium = B 
metal, platinum is able to withstand (24)—in short, it’s shiny silver-white, just — 
powerful acids and high temperatures— like nearly every other metal. If I were A Platinum electrodes — _ 
lbeaekcim-eniadallarcmyolemer-vemeelce)iia-lm ico going to pay big money for some scraps of resist corrosion, as in this 5 —— = 
without so much as staining. metal around my finger, I’d at least want a conductivity tester tip. — 

Just as important as its resistance Joy i me) more) (oy mm com Lemna (ola (cre lmb ml alco.<o)n-Le) hv ——— 

\Konccoyune)-)Ce)am cme) t-laralerenkce-le)iiiavace to gold. . = 
catalyze reactions, such as those A Electrodes for delivering therapeutic on 
ooublont-Vm Come elcmuc)aveluarcmeymemble(one)l Brains erectile! pulses toanicstin calvalso Be 

j ; ees ; made of platinized thread. = 
gasoline. (Anything used in oil refineries = 
is automatically a huge business.) At ” 
the very end of its life cycle, petroleum 
products often meet platinum again—in Y Tiny solid-platinum = 
the catalytic converters of the world’s filter cone, an example of - 
gasoline and diesel vehicles. Assisted extrenely expensivetes 
ova) cluneleleaPmbleleleuwelccom enienneyer-tneleyel — = 
fragments in exhaust gases are oxidized to = 
carbon dioxide and water. 

All the fundamental units of measure, = 
including time (see cesium, element 55) = 
and distance (see krypton, element 36), 
are defined using basic properties of c S 
matter that anyone can measure—with 2 = 
one exception. Mass is defined by the > Mirror-like 6 o 
International Prototype Kilogram, a vacuum vapor- O oy = 
particular cylinder of platinum (plus deposited S 3” 
KOR olercerrelmsucebieleadmoet-(elcmremRoWscm-vere| platinum crystals. = i: 2 

O c 5 
<< Wire mesh like mosquito netting but made of pure platinum wire, 9 § 2 zi 
lato md at-lacicola-M lactate (=o Colm -lelela- cela Aalol Re (elan(-S3 (om LX — Lu ~¢ n 
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Gold 


GOLD IS THE GOLD standard of metals. 
IBV aYoXebiebeeMC-so) mp aet-hvm elem esleyucmic-lier-le) (en 

but no one lusts after it the way they lust 
after gold. Only carbon (6), in the form 

of diamond, inspires the same feverish 
desire, but diamonds are temporary, 
easily destroyed by heat, and soon to be 
worthless when large synthetic diamonds 
become available. 

/D)E-vanteyalelce-tncu-Wieclocermolermcxe)(emimeals 
real thing, richly deserving the adoration 
it inspires. 

Gold is inherently valuable. There is 
(clu ya iad (oe) Bimr-Veolelelecun-limes(muolemavcs 
saevbalcrembameslcmelicoymyae)mestomalonset-lemn-Ces 
Vo) bie Malm ialcom-Melblelcu-Lolelvimolmicicimeyel 
edge. (And if you meet one of the nuts 
suggesting that our money should go back 
(ovale aKomexo) Ce mcle-baler-Dnermiolementicdalmoleylelmelelt 
that, at current prices, this is worth only a 
ICcaWa bul liceyemelo)ic-Vacrmcytca avi ater-baleav@lertmeat-el 
id alomaateyalca@ lemon neik-la(oyarm Malc)ncmcybaeye) hv 
isn't enough gold to go around.) 

Gold is undeniably beautiful. Of all 
the metals it is the only one that is both 
colored and whose color keeps its shine 
and beauty forever. You can find a piece 
of gold lying on the ground where it has 


“Healey gold” is made with a plating process that use 
uranium, but no radioactivity is left in the final article. 






Gold paint 
may or may 
atol meted alt-lin 
ig-¥-] Ke [o) (oh (-¥-1 9 
depending 
on how 

old or how 










been for a million years, pick it up, dust it 
off, and it will shine for you as if it’s been 
waiting the whole time for this moment. 
Billions of years from now, when aliens 
come to rescue the last artifacts from 
earth before our sun explodes, King Tut’s 
solid-gold mask will be just as shiny as it 
is today—which is just as shiny as it was 
3,300 years ago when it was new. Not 
skin- deep, not temporary, the beauty of 


Gold is terrifically useful. It is a ood” 
conductor of electricity that absolutely 
eKofewalolmtclualjenment-lelercmimustcmelenis 
material for electrical contacts. Where 
conductors join two circuits merely by 
touch, any corrosion on either surface 
could interfere with the connection. So 
much gold is used in electronic devices 
that recycling them to recover the gold is 
a big business. 

Gold has fascinated and inspired us 
since before those words existed. Wonder 
and fascination of a very different kind 
have been inspired almost as long by an 
eVKoneleyelm @alennsamcondalce-vele(alice-Kmeals 
living, or “quick,” silver: mercury. 
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expensive it is. 


This 1-ounce nugget of pure gold was found in Alaska in 1890 by 
Hormidas O. Marion while on a trip to sell shoes to Eskimos. Seriously. 


High-purity 
vacuum-vapor- 
deposited crystals 
of gold—the purest, 
shiniest gold there 
is, bar none. 


Gold on quartz 


Cheap mall jewelry can be plated with a thin 
layer of real gold, which makes it just as pretty as the 
solid alternative. 
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Gold leaf is only about 500 atoms thick, and so 
fragile it can be picked up only with static electricity on 
the end of ared squirrel hair brush. 
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Audiophiles who think that over-priced Well-worn gold coin eA ASL 
gold-plated components improve the sound struck in Carson City, ai oe 4 peek woke As rye 
generally are wrong. INTENZ-ve Nat shea B . ai% tee oy ag 
















A gold finger 
made from over 
three ounces of 
pure gold. 


Beautiful gold- 
plated circuit board 
for mounting chips. 





“Bling” is the only word that accurately 
Gold-plated electrical describes this massive cheap gold plated 


connectors resist tarnish. . | necklace. 


Melted ingot of pure gold. y “ : ARRUR \ Gold mirror reflects infrared light. 
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Mercury 


LIQUID MERCURY literally drips from 
the walls of caves in the ancient mines 
at Almadén, Spain. How magical a liquid 
metal must have seemed, when no 
framework existed to understand it or 
place it in context! 

Oh piffle, mercury is every bit as 
sa ak-t4 (ere Muoler-hiapalomact-latcomeleimesleceemvelel 
HeaToyiva-loye) vim |ewaVele me elcmasle) Kom Ole mar-AUch 
the more magical it gets. I’ve got enough 
to fill a salad bowl, which lets me float 
mc ontell mer-bapeleyaley-Vimeymanycr-vulet-muclelelcs 
gloves) feel the incredible pressure on my 
Jabate<e)ucm o)Lebete<ere ei canmlelolelecmeloynisamrelce nie 
Even lead (82) will float on mercury—it’s 
incredibly dense, the first thing you notice 
when you pick up a bottle of it. People 
who have a lot more, such as the miners 
at Almadén, can float themselves on it: 

A person trying to take a bath in a pool 
of mercury sinks in just a few inches, 
practically sitting on the surface. 

But is a liquid metal really such a 
surprising thing? After all, if you get any 
metal hot enough, it turns liquid. That’s 
why you can cast lead or iron (26) in 
molds. Mercury is actually a perfectly 
ordinary metal, just one that happens to 
be shifted into a different temperature 
range. Sure enough, if you cool mercury 
hem ace|bnComebiene:<csermimaclualmbalcok:mrolercday 
malleable metal quite similar to tin. 

The tragic thing about mercury is how 
toxic it turned out to be. For thousands of 
years it was treated as a marvelous thing 
to play with, to experiment with, to use 
for whatever it seemed useful for. But all 
that time it was insidiously, slowly, and 
HbanvatssLo) ava ole) cio) ad etem cae) myo) elemnisalomer-basle 
in contact with it, damaging the central 
nervous system and eventually leading 
to madness. Mercury is the worst kind of 
poison—the kind you dont notice until 


< A pool of mercury carefully lit and lovingly 
photographed by the author. 


years after the damage has been done. No 
soy alelco mim cele) @iicoe-lInmecelaelelccm com elene 
the pieces together. 

AVAVeM aXe iis cole yim detclmentonaelas 
jox-buaCerelt-vuhyenemsatccouseme) me) ucs-lanle 
compounds such as methyl mercury, 
gets into the food chain and stays there, 
(oko) Ncferatatea-vavemeeyalecvelen-lalelcmlemt-lecxom-balel 
larger animals until it reaches tuna fish. 

The delay between exposure and 
symptoms kept us from noticing 
mercury’s toxicity for hundreds of years. 
Thallium toxicity went unnoticed for 
quite a while, also, despite its much 
faster action. 


oe WV The pigmentin vermillion 
me 5 paint is mercury sulfide. 





A Ceramic flask for 
holding dental mercury. 
Don't drop it! 


ar wiGiabiutele(Kelmxeyite 


frozen mercury. 


» Mercury thermostat switch. 
When the mercury rises to the 
level of the second contact 
wire, the circuit is closed. 







A Mercury accumulates 
in large, fatty marine 

WV Mercury-vapor animals, like tuna. 
Helalee-Ta-Malle Lali 
efficient, if not 
the most pleasant 


Me lale-lxel late B 






















/. Use of mercury in batteries has all but 
ceased due to environmental concerns. 
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THALLIUM IS the first acutely toxic element 
since arsenic (33). Sure, selenium (34), 
cadmium (48), mercury (80), and a few 
others are not good for you, but they won't 
sdE-LmeLULm ea lele @Voleme(cr-(emm bamelealoomuie)uelwmaleyals 
of them is a good murder weapon, not like 
thallium. 

WM atom cule) econ oleyiroyali arom) satere)alcm- tare! 
getting away with it is to find a new kind of 
poison whose symptoms no one recognizes, 









= 





A The mineral weissbergite, TISbS2. 


















A sensitive chemical test developed in 1836 
was the beginning of the end of arsenic as a 
stealth poison. 

AM ar-Vibheheatmoyemeatomeleelcsmat-velemmir-nycrel 
(ol ojsrerbancm ache (ela loetcxc)ems Melcmesleimr-bastelers 
thallium murders occurred in the 1950s, but 
idakclIbnelen boop iyopallaremer-Kiccwm oleldamealccvelaleyer.l 
and accidental, occasionally confuse police 
even today. Tests are of course available to 
prove the presence of thallium in a victim, 
but police would have to suspect it before 
they'd think to test for it, and in many 
cases it has taken months or years before 
investigators were able to put all of the pieces 
together. 

If you'd like to check whether you are the 
Vs (oLaboeMe)m-Mdar-UlNLepeemoleyKieevselcamualcucynehelceyeats 
include vomiting, hair loss, delirium, 
lo) Hatebetcryoemr-valemr-lore(oyenviet-)mor-lstecrleemeyl 
which, you will notice, is also a symptom of a 
aibbatebuccemoleetcomecoyateniuleyetsy 

The signs of murder by lead are generally 
much more easily recognizable. 


and that no one knows how to detect. If —— S 

NOLEN Kom LULO) aim ol<10)0) (emaatchmelelMoaoseBicr-liVAcmNat-lt = 2 

a murder has been committed. (Admittedly - f { | — 7 

this worked a lot better a hundred years ago, | a 3 =) 

when dying for no explainable reason was Z — 

pretty common.) <4 Thallium brand perfume that — =] 
Arsenic became a victim of its own one can only hope does not 7 3 

success as a murder weapon. It was so contain actual thallium. — 

widely used as “succession powder’ that — 

1d oomcp1a a0) 0] Ce) ea lcm olerer-ventomere)aalealeyelavaenley iver ee = 


2500 3000 3500 


2000 


A The health claims for Himalayan 
sea salt are undermined to some 
degree by the marketing claims 
that it contains thallium. While it is 
more likely that there is measurable 
thallium in an unrefined product 

like sea salt than in manufactured 
Thallium perfume, the amount is 
probably too small to be significant. 
Which does make you wonder why a 
company would list an acute toxin in 
their ingredients when doing so is not 
required. 





1000 1500 


500 


<4 A large piece of thallium metal, kept in a safe due 
to its potential for poisoning hundreds. 
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AS FEW AS TWO grams of lead is a lethal 
dose, when it’s delivered from the barrel 
of a gun. 

Lead is the preferred metal for bullets 
because it’s quite dense, allowing a lot of 
mass to fit into a small space, reducing 
air resistance. It’s also soft enough to fit 
tightly in a gun barrel without scratching 
the barrel or getting stuck. People often 
think of lead as extremely dense, but it’s 
actually only half as dense as osmium 
(76) or iridium (77). Those metals are 
too expensive even for the United States 
aevINLecTarMCOmel Yom lomolell (cicymolelmabrerciicciel 
(74) and depleted uranium (92) are 75 
JoXeyneeyolapenleyucne(oseliomset-vamlcr-(emm-belemoeler-y6) 
enough that they are used in special 
armor-piercing rounds (discussed under 
uranium). 

avalolsatcimalentendeleyeleyucremestcisaloleneys 
lead-based murder was popularized by 
the board game Clue: a lead pipe. This 
may sound exotic to modern ears—we 
TaLO) VM Uist om Or< 1s] m1 K0)8 O40) G0) 0) 0\<) AC) ar vee | 
jo) Ecojulom co) ms elelert-) ele) (om eyyelcceenolulmieymivoll 
over 2,000 years, lead pipes were the 
norm. 

Drainpipes made of lead have been in 
service in the city of Rome since Roman 
times. I don’t mean they have been using 
that type of pipe for 2,000 years, I mean 
the same actual pipes have been there for 
2,000 years—they last virtually forever. 
Lead is ideal as pipe material because 
it is so soft it can be beaten into sheets 
and welded into tubes by hammering it 
together. Leaks can be patched with a 
bit of hammering, or by means of some 
saato)iccsam (er-Lemenulojolereme)elcomualemeyaccyarentarss 
section. Its melting point is low enough 
that lead can be liquefied easily over 
a wood fire, making it popular also 





<@ This exotic six-way union was hammered out of 
lead sheet by an apprentice pipefitter, and it duly 
impressed the master. 

















for pouring onto enemies from castle 
fortifications. 

Considering how much we've 
discussed poison over the last few 
elements, it should come as no surprise 
that lead, too, is toxic. Indeed, it is the 
je) Koko) arg oy lor-l aler-bravm cn loie.! mole) crepe rm-v are! 
like mercury (80) it has been responsible 
for some of the worst environment 
Loy ale-banbser-luleyeme)muatomanleyelouem-tevomm Met-tal< 
goodness it is no longer added as a 
joXeyuKoyucnt-velerom olelenircym comer. love) Ni ales 

What is surprising is that after the 
three worst heavy-metal poisons in a 
row, we arrive at bismuth, which people 
drink in large amounts to soothe their 
upset stomachs. 


<@ Lead bullets have 
been used since 
before the invention 
of guns—above are 
OTM Elen-le-Raliceelare| 
musket bullets, and at 
leftis aRoman sling 
bullet. 
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A Lead hand shield 
for use by medical 
personnel who must 

reach under the beam of a 
radiation-treatment machine 
to manipulate their patient. 


E¥-Yo RJaato) alate] 
pipe. 


A Alead pipe of the conventional plumbing variety. 


< Alead “pig” provides 
shielding for radioactive 
drugs. 


Bla -¥-To(-Xe Ko] F-1333 
typically contains 
between 20 and 30 
percent lead, yet it is 
completely transparent. 


<@ Lead shot is falling 
out of favor for 
environmental reasons. 
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» Leaded glass teardrop ornament contains 33% lead 
yet is completely transparent. The lead increases the 
index of refraction, making the glass more sparkly. 
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Lead-antimony alloy has been Whatever was kept in this | 
used in type metal since the time massive lead “pig’ must have been | 
| of Gutenberg: See antimony (51) = extremely radioactive to warrant 

for an explanation. such thick walls. 





EVIMODE- Mite) Colmer-idlale 
musket balls. 


A cat's whisker radio 
detector uses a fine wire 
delicately touching a galena 
(lead sulfide) crystal. 





—— —— 
ae — ee i ee 


Lead in bars like this is still sold for use in plumbing drain pipes. 





lronreamer used 
Comare(-Vale-lateKe(-welllaa 
lead pipes. 


Galena (lead 
sulfide) mounted 
for use inacat's 


i - whisker detector. 
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THE ACTIVE INGREDIENT in Pepto- for all practical purposes it might as well Crystal Structure ~--~~ 

s)EJaalo) moyactale mel olciclmacjcoyent-loementeel(anate be stable, but strictly speaking there are hs 

is 57 percent bismuth by weight. This is no stable isotopes of bismuth either. ee + ae, 

really quite odd when you consider that On the basis of theoretical calculations, es ee 

the element to the left of bismuth is lead joXexe) 6) (emda toyered elm (oyun Ycr-becmeet-lmlslommcieclo)lom Bismuth heart, ' 

(82), so toxic that entire toy industries isotope, *’°Bi, should be unstable, but cast for fun. 

have been turned on their heads tryingto —_it wasn’t until 2003 that its half-life was Pcaiik Psie Bimeldid 

eliminate it, and the elementtothe right finally measured and found to be 1.9 x " Rismuth germanate; =pto-b smo! dl 

, é i aa , Bi ,Ge30j5, used in not get its name by 

Hts oXe)LeyebueleaM(sy-ghar-Meler-lelhy@u-leller-(anhye 10'’ years. (To put this in perspective, 4. ; ; 

. , scintillation detectors. accident: The active 

poison used in recent times by Russian 19,000,000,000,000,000,000 years is about ingredient is bismuth — 

bad guys to eliminate inconvenient a billion times longer than the age of the subsalicylate. —— S 

jeexe) 6) (em universe. The stuff isn’t going anywhere <—— 

Despite the fact that bismuth sits anytime soon.) — 7 
CJOnr:(@ bom salem oat(e(ellemoym salem cey.elen sler-Way It is with some regret that we leave the — S 
metals, so far as we know the metal form realm of the stable elements. From here — 
stsmexey neh e) (cikc)avmeloyelcey.eomm@Dmyolemeeyaliensats on out, the elements are touchy to have — 

: . oie S 
enough soluble bismuth salts, there are UKOLUD SLO mctaXe mablcd eUam@mucraul t-uccronmcoymelcr-liee| = 2 
some side effects, such as your gums and national security reasons. But that —— 
turning black, but this is very rare.) (Koyo you me aeler-vaMVolemer-vammolenmostcleniae)i — 

Bismuth is known as the very last dalcyea Mn ColUmer-Demabalem-lm(cr-K)mevelomlemials es = 
stable element: No element above 83 has _ grocerystore. — 
even a single stable isotope. But bismuth Our brave new radioactive path — 
is only culturally stable. By whichI mean __ begins with polonium, a real doozy of a FE] STR A Eek NTNARRHER — S 
that everyone thinks of it as stable, and radioactive element. ORIGINAL io 

= rc) 
a =) 
et Oe. an hae The author's multimetallic chain contains one — = 
moss: = = ee ee yar link cast from 99.99 percent pure bismuth. = —— a 
coe ae at. ee rr. . —= 
- —s = 
= = 
= S 
—s = 
Thirty-pound ingots of 5 — 9 
pure bismuth are how the metal 5 | 
is often sold commercially. Broken in o> OSS 6 ' =) 
half, they show beautiful internal crystals. =m 8 = 
ats = 
Bismuth spontaneously forms large “hopper” crystals on cooling. O c= v 3 
When very pure bismuth is cooled very slowly, these can grow to 9 = § 2 
huge sizes. This one is more than four inches tall. Wn “a= < n 
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POLONIUM, DISCOVERED by Marie 
and Pierre Curie and named for Marie's 
native Poland, occurs naturally in 
uranium (92) ores, but these days it 

SRM Ol RereU kere MAReK) OKO) MLE Montel] mee)nenenteyal 
application, antistatic brushes. 


» Acommemorative coin 
celebrates Madam Curie’s 
discovery of polonium and radium. 
If made of either of these elements 
instead of silver, it would kill 
everyone inthe room. 








(e(crechl Mitel melon ealeyiiselercbelemrcbulelomimineyenl 
davis enetenle)tcmolele) @e)muatemolcseacelcmeonelt-biee! 
Kom eno Wan aremncr-linva ell (crom Minwlercel.comm sine 
the fact that the Russian government 
effectively controls the world’s supply of 
joXe)Coyavlbneameclaxemiy-velncem Minwletcal conelsrlel 


Paeee LOSS 


POLONIUM oioactivé) 










These brushes are used on (eKoYerw atom lore) axxeloren 
je) ake) ateysau-tolemncree)new-leCemelbesmelcrer-lanyor The most common isotope, *'°Po, is so 
° e ° ° ° ° e 4 
to dissipate static charges that attract sec Centey-Le Oho setclmr- mre) I(em@nlbnel.qe)mimsd (nih > Polonium spark _ 


dust. Mounted just behind the bristles is 













from the excitation of the surrounding air: alugs were agimmick | “Wf, 
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a gold-colored strip of foil containingthe Asingle gram puts out about 140 watts of — and have completely << — S 
joXe)CoyevieleaPe Walk Mencrcltccw-Baloleme)mle)syAcce JOXOyiV(c) mere) OLUDALULOLURIN AN SIOLMUar-Lmcweleldaliarss Pesatictimeteltertothais7 2 
air that conducts the charge away. The compared to astatine. by now. — = 
strip is made of silver (47) with a thin —— = 
plating of gold (79) over it. Between the — 
silver and gold is a very thin layer of | = _ 
polonium. ; ; “@ Spinthariscopes 3 3 
Interestingly, these strips are not from the 1940s — 
created by encasing polonium between through 1960s — Z 
silver and gold. Instead the polonium is often contained i = 
created in place after the foil has been polonium sources. — 
fully assembled. Silver foil is plated first — 
with bismuth (83), then with gold. The =) 
KOpIM Mestre mucremelelelcom-Vemlelicoakiomelcblaneyel Se 7 
lofer-VeeMdat-lmurctatciaslblccceceysaleKe)imd els _ oo > Polonium - 
fi oye ; — still widely used = 
bismuth into polonium. This is extremely —_ \ today in antistatic =) 
clever: Polonium never exists in the open, Brushes ‘butthe . 
which is a good thing since as little as ten half-life is only 
nanograms (ten one-billionths of a gram) 138 days, so old = 
can be fatal. ones like this are ~ 
It’s also one reason people were useless. 
immediately suspicious when the Russian = 
ex-KGB agent Alexander Litvinenko = 
(ehT<Xo Mo) mole) Coyabetonm ole)ieyeviercmbam Meyetereyal 
in 2006. He had been given so much =) 
joXe)Coyabelontm-lolelelmucvemenl(ennescancleamercel = 
one-millionths of a gram), that the only 
plausible source was a government with a P S 
nuclear weapons industry. 2 = 
These things always come out in the 6 o 
yale UNCoKelolele] marAAiar(erclamaKe)eemeleia-llmuele 0 yf a 
y 2 s* 
<@ This Lone Ranger Atomic Bomb Spinthariscope Ring was 7 E > 
offered as a Kix cereal premium in 1947. Fifteen cents back O Y me) 
then, today these sell for more than $100 as proof of how A The foil inside an antistatic brush contains polonium 9 § 2 - 
different attitudes toward radiation and the bomb once were. sealed under a thin gold layer over a silver base. Lu <x n 
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Astatine 


ASTATINE IS THE FIRST of the four 
really frustrating elements for element 
collectors. The others are francium (87), 
actinium (89), and protactinium (91). 
Radon (86) is slightly annoying too, but 
not quite as much. 

Astatine is considered naturally 
occurring, as are all the elements from 
hydrogen (1) to uranium (92), except 
technetium (43). But its half-life is only 
8.3 hours, which means that whenever 
astatine occurs naturally it doesn't stick 
around very long. A rough estimate 
indicates that at any given time there's 
about an ounce of it present in the entire 
earth, and it’s never the same ounce 
from day to day: The supply is constantly 
refreshed by the slow radioactive decay 
of uranium and thorium (90), of which 
there is vastly more. 

The typical solution for element 
collectors is to display a radioactive 
mineral specimen containing uranium 
oan deloyulonanm-velemicchcmualconmer-veleke-bnelenatel 


<< This beautiful fluorescent uranium mineral, 
autunite, Ca(UO,)2(PO,),-10H,O, may or may not 


contain an atom of astatine at any one time. 


talking about how there’s probably an 
atom or two of astatine in it. Maybe, but 
it’s much more likely that there isn’t. In 
all of the North American crustal plate 
to a depth of ten miles, there are roughly 
a trillion naturally occurring astatine 
atoms at any one time. What do you 
daviel.q@r-lucmielomeletclaleccmsat-lmolemomolme) als 
o)mlelcsenmeemeer-lm@iind(<mnele ae) moet nts 

Despite its short half-life, astatine 
is being studied for use in radiation 
therapy for cancer. This seems less 
surprising when you consider that 
*Tc_, discussed under technetium, is 
widely used in medicine and has just as 
short a half-life. The trick is to develop a 
(oro) nay or-Le1 mel cars (ome at-Lmelejeyie-licme-len core) 
on-site to generate the substance on 
el seatevelen 

Although its half-life is only a few 
nbaatenwlo)ercxovmmsat-vemeet-lmear-lle-lanelemme-leleyel 
Hw revamp sele)ncm-lovelerer-lelmmcomnatcmoleyiolmeyi 
loXebatear-W alolelyodele)(ometctestemlement-Vehmor-lae 
of the world. 
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RADON IS A HEAVY radioactive gas 
with a half-life of only 3.2 days, but there 
is quite a lot of it around because it is a 
joyubatenye)(eme)(coeeleyelm@iemsalenelcce-haeat-tiels 

oy okeldamene-levioveomecyAm-lelemeateyuleleameclO)E 
both of which exist in large quantities, 
particularly in granite bedrock. (Granite 
oybniCehtateccmeyenvimcytcaavieler-Delm-veslolenelnneys 
radiation—Grand Central Station in 
New York is famously radioactive for this 
reason.) 

Radon seeping up from the ground 
and collecting in the basements of 
lo)bniKebbarcAwicme) mee) elecausmcom ent. enimelce)e) len 
A whole industry exists to detect 
and mitigate radon. (Your friendly 
jaleted oloxepualeloleme-\eloatr-ler-lrceeslecous(ac 
will install expensive underground air 
ol at-vebatclicm-valem tclaKcmConene-imlelcmn-leleyemelelt 
nxeopeemereelcswatcr-ldemolelmelolelyom ole) (Onc it 
gets inside.) 

Ihioya(or-l ham nisanl (omcve) ealom 01c10)0) (em-¥ Ks 
jek ist etemo) fem oye (el ecm comescimulemeymn-leloyer 
others gather in cave spas near uranium 
deposits to breathe the rich, radon-laden 


Radium Water Bath Will Improve Your Health 


Prpstnz==onm= 


Et=e<—q3EFCm=Iz= SOT 


=e Foau 
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THE RADIUM BATH HOUSE, CLAREMORE'’S FINEST, CLAREMORE, OKLA. 


This granite ball represents the major source of 
e-YoCola MU la- lalla k-lavem taredal Ula M lal oX-x0l noter a 





air, believing it to be healthy. This belief, 
1aa1e) um OL0) 0) UNk-Vur-M eel aCelncremYcr-Uncw-lexomuer-vel 
today, originated with the discovery that 
many hot springs are quite radioactive 
CuatemivecliciapleMmelsineWicwele)molccerlUKicmimsleiic 
near hot rocks, which are hot because of 
uiecbevaebeem-balemsaloyulorsemelcrechmelc(jemremeals 
earth). 

A hundred years ago, when 
radioactivity was first being investigated, 
no one had any reason to suspect it was 
dangerous. Everyone knew hot springs 
were healthy, but no one could really say 
why. When it was discovered that many 
famous hot springs are radioactive, the 
answer seemed obvious: It must be this 
great new radiation thing! 

The result was a decades-long health 
fad for all things radioactive, which ended 
only after the spectacular death ofa 
famous proponent, which you can read 
lolelelmorete(cvmueleyuionaen 

|big ol-re) 0) Kom oy-Cel qu atcsamer-Cem.enteyiuem-lolevels 
francium, I’m sure someone would have 
been selling francium foot warmers. 


lives, this radium 
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For those who felt 
they were not getting 
enough radon in their 


bathhouse offered 
soaks in radon-laced 
Noyes Yalate Rve-1<-1m Cleaser-]| 
radium is too expensive 
for this application, and 
water from many hot 
springs is radioactive 
due to the radon gas 
eVaiaccton AUe-lall k= lale| 
datelalUlaaKe (-Yor-\Ae(-X-1 Min) 


For those truly 
worried they are getting 
too much radon in 
their lives, continuous 
rl (Yo delat (om nied all Olact-1a- 
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For people who are afraid they may have high 
levels of radon in their basements, inexpensive mail- 
in radon test kits provide an answer in a few days. 
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FRANCIUM IS THE least-stable naturally 
occurring element (with a half-life of 22 
minutes) and the last element discovered 
in nature (1939 in, you guessed it, France). 

You may recall I said something 
similar about rhenium (75), but that 
was the last stable element discovered, 
while this is the last naturally occurring 
lan elev elem saloelenvercmeletcie-le)(omeyalecmm Mele 
E:Timaleyevet-lavne:linymernebrunletemoceatcene 
discovered at the time of this writing 
is element 115, which has not yet been 
given a name. (No doubt more will 
be discovered over time: There is no 
absolute upper limit to the number of 
elements.) And finally, just to complete 
this body of trivia, astatine (85) is the 
last naturally occurring element to be 
discovered. Wait, didn't I just say that 
lolelelmae-baleelesraeyelolel(enensiicanclslecn 
Francium was discovered in nature, 
while astatine is naturally occurring but 
was first discovered when it was created 
artificially—no trace of it was found in 
nature until three years later. 

Its 22-minute half-life makes 


SoM Nalteo)(-x-Ke) Baat-Waallat-1e-]hualelaic-m CLO) SLOOP 
might contain an atom of francium, if you watch 
closely. 





inucbaloniepeeWienloye-loialer-lhimn-lenley-(e shone Malone 
are no commercial applications for it, 
even in medicine, which uses an amazing 
array of other wildly radioactive isotopes. 

DIAVOLUM Ac) me ant-Der-tecromcomolelmuerclalon 
eM loienloNe)Mlamdalemsevselcmnvelellemeacloleye-lce 
itself violently through the tremendous 
heat generated by its radioactivity. But if 
you could somehow delay that for just a 
few seconds—boy, could you have some 
fun with it! 

You see, francium is the last of 
the alkali metals, all of which—but 
particularly sodium (11)—are fun 
to throw in lakes because they react 
explosively with the water. According 
to the systematic trends of the periodic 
iealo)(ommpercbaleleneemcyele)ellemelomdalomastelsys 
reactive of them all. If you could throw a 
albhateincremcsn-vackwe)M@imlem-M Cl comislepnccielle 
would be a truly monumental explosion. 

WM atcmeldetcymucciellmnelellem olor: manuel hy 
monumental radioactive mess, not 
unlike those once created by the radium 
industry. 
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RADIUM WAS THE titanium (22) of the 
early 1900s. It was the brilliant, shiny, 
powerful element everyone wanted to 
associate their products with, whether 

or not they actually contained any 
radium. Just as many “titanium” products 
KoXer-nmeoyale-deemalon-(oaer-lmale-vallolentment-lahv 
“radium” products of a century ago, such 
as radium furniture polish and radium 
Koleldeloy-Kikomeeyele-vietoe malome-Coneleen 

Other products, such as radium 
suppositories and the supremely scary 
RezKebcayalelelermbarclnelemsi/cmee)ale-tbeme-velleneay 
in some cases substantial quantities of 
it. (The Radiendocrinator was designed 
to be worn by men, with the radiation 
source pointed at a certain private area 
dok-lm@coyele-nelwost-lenimr-loylelhmetnuleliar-aeol he 
oyKiere Move mMalomenlkie-l.ccemelctcmuatcumaltcel 
doses of radiation to the reproductive 
od eez-balcmniolel (em oynovectelicmaccrclivem-lelemsinliiay 
this was in fact an extremely bad idea. 
Today special lead shields are made to 
JoyROlKcmaet-lmmor-lualcielt-lmr-lucr-miKeeeMoadoemuale 
smallest doses of radiation during x-ray 
procedures.) 

The best-known application of 
secConLeboeter-DalemdalcMucr-iovemelome-lemciellmoleny 
it easily on eBay, was for luminous watch 
Jak-Velekswm acclislmere)alectiavietcae-mee)enleyrer-laloemeys 
VAVeXOMCoLO) LUI NeLe (om-balemn-CebLeleamed (Onicmremeals 
dark for many years. Sadly the zinc sulfide 
lo)naral qcmeley'saher- elem aalesim sllcjcoyater.lme-enlones! 
watch hands no longer glow. (The radium 
itself is still just as radioactive as ever; its 
half-life of 1,602 years guarantees that 
those watches will be hot for a very long 
time.) 

Radium watches and clocks were 
jox-Vielkere Mopvmar-laleMmelyietcmabahwm@eyuclyelccmietsle 
Id oTomitcoyentcemele)ietemaatom oy-Unelalatemnveleice| 
Jakztyolesem Coe-Walelemoleyiolmeyaile enatcamualoenn 
This was not a very good idea when you 


<@ Radium paint carefully hand-painted on watch 
dials led to the establishment of modern labor laws. 





consider the radioactive paint on those 
brushes, and it was the progressive and 
blimnaskclcohmbnatelcsevt-Le)ome-lenlepestanc)t-lncre| 
sickness and death of these women that 
snlak-Vinimore) envabaercrement-banvmers1e)e)(cmcreyentcimaliares 
/ak-Xe Kom olemeLe)aCou-lofo)uimu-Lelt-lule)emcr-N(cAy4 
The case of the “radium girls” was 
eM Eveleneat-u@bamt-loleymt-Wivmecie-Le)iivalierss 
the right of workers to sue for damage 
caused by unsafe and abusive working 
(oy alehialoyerm@bolccysueloyar-Vinmiaienlele) eters 
Hbalcoyuent-aloyam-lolelelm delemer-latexc)mReym Ile el ate 
He Coblor-(Oeh'(om Oy-Ueeldoyuelielocwie-lmeatomaltcel 
end of that scale.) But it took still more 
death and dismemberment before 
radioactive “health” products finally fell 
LEI MO) mE: AYO) eer: Bc1Ke) MiMOlUmerlamucr-lem-lolelels 
under thorium (90), after you make it past 
another annoyingly short-lived element, 
actinium. 
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» The Radium Ore 
Revigator contained 
large amounts of highly 
radioactive uranium ore, 
but very little radium. 


A Radium condoms, thankfully, 
ole Navel Mexeyaie-llane-vell la» 


» Beautiful brass 
spinthariscopes, 
suchas this one, 
contained radium 

and are thus still 

| radioactive to 
this day. 








A Radium shoe polish 


rexolalt-tiateven avon r-telltlaak 


<@ Radium starch 


rexolalt-tiatcven ated r-telltlaak 


WV The Radiendocrinator 
contained large amounts 
of real radium, and is 
thus among the most 
dangerous of the radium 
era's products. 
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PAGS INDIO SRM Mel cmatecmeymuele-leutellels 
series of rare earths, the ones placed 

in the very bottom row of a standard 
joXeru (oleh (omeclo)lcuctunclerecsestelewatcmnieel 

the lanthanide series—lanthanum (57) 
to lutetium (71)—all the elements in 
the actinide series—actinium (89) to 
Nita ncvalenleneaM@A0s) = clar-lncmelalcvantlorcll 
properties with each other, though they 
are more diverse than the often nearly 


from less radioactive elements, such as 
iecehiObanMms)(cieelcJalmsts) F 

While actinium occurs naturally in 
uranium (92) ore, there is so little of it 
there that when people actually want 
Co) aatommeelcamaat-l.comlmlem-malelelcr-lmucrelAneye 
loyal oleyenloy-nelielcaamaat-MivisemeCcbleneyalcy 
turning it into **’Ra, which then decays 
with a half-life of 42 minutes into *”’Ac, 
the longest-lived isotope of actinium. 


Crystal Structure — 





Hbatebtcvabatcauntlet-le)(omt-baleer-ballelocs SM avicw eheteMoymalerel(cr-bur-lelelceahvoue —— = 
The biggest difference between Hitcyucl Mme elcmancletsvesnele-laloveme)me)als a ~ 
idalem tcbaluat-bellelacw-lelemuatew-Coisbellelscp icy element into another—is quite — - 
(o) ore) Ubnciorm dat-limnUevl (cm-l molblmeyalemeymuale (Loyanvente) av hvac (oyalemssleniomer-hcmne) — =) 
EValdet-valleloce-Weomie-le) ono (oelnlnmaoay synthesize useful elements and — 
one of the actinides is radioactive—so isotopes. The alchemists weren't wrong 2 
radioactive that only three of them are in trying to transmute base elements 7 = 
tame enough for you to actually hold a sbalcomcxe) Cems atcavm Ui melCovammat-AVcmselemurcialet ——= 
CLULOLecTOLUE- MLepeelOmbamelenmor-valem-lelemenne technology—a nuclear reactor—to pull — 
to tell the tale. it off. — = 
Actinium, with a half-life of 21.8 While there are some experimental — ~ 
years, is not one of those three. It is applications of actinium, very little of it — 
so radioactive that it glows on its own is made or used. In contrast, the most =) 
without the benefit of aphosphorescent abundant radioactive element of all is . 
screen (which you need to see a glow thorium. 
Z 
3 
= 
= 
5 53 
9 = eh 58 
<4 This sample of vicanite, = 3 = 
(CaCe,LaTh),, As(AsNa)FeSi,B,O, oF, from ue 5 > 
the Vica Complex in Tre Croci, Italy, probably £ = a 
doesn't have any actinium in it right now, but once in 0 ie) ic 
Lu <x Ve) 





a while might have an atom or two. 
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THERE IS MORE THORIUM in the out by the discovery that Auergesellschaft, Crystal Structure ~>~~ 
earth's crust than there is tin (50)—almost aGerman military contractor, had 
three times as much. There’s also more (Loy aba tser-Uncre mW olerexom-icelel.¢o)itome)masteyulonen! 
dek-Dameevuccemeleatenw-lwaeve(emeateyaleien| nnepaem-Meeyanher-venmremelccele)(emaclat 
as there is uranium (92), one reason Vale Mecl.colaWimey-(e @ cone rciusst-vanvamnielelcrts 
considerable work (i.e., billions of scientists working on the Allied bomb 
dollars) was put into research to develop realized that if the Germans had figured 
ravsr-1o) (om da loyuaepastaey-kicremene(ellcr-vmmele\iVcls out they needed thorium, they must 
reactor. It was abandoned, but not before __ be pretty far along in their own nuclear 
researchers created a huge stockpile of bomb program. Actually the Germans — 
Javtedatereau-(olomealoyuseten mes (cie- uel] ccre W-1ics) um 0) amu ot (omeet:(olcmor-luetcia(orcl I hmeinelcme)neyoancnimeyel — S 
element collectors. the bomb. No, Auergesellschaft just had a Antique badlache — 
pe mantles contained — 
O)aTeBcecielimeoymdeloyuloraeke-lojererer-tarec secret plan tolaunchabrandofthoriated 4 0. de, which — - 
is that it was used for many years purely toothpaste after the war—they had hoped j, pinesces beautifully — S 
for its chemical properties with complete — it would become as popular as radium when heated with gas. — 
disregard for the fact that itis radioactive. | toothpaste and wanted to be sure they —— = 
Thorium oxide was used until recently Jat-Yem o)lcsolavae)mesteyuleveemeyemer-verlen A solid sheet of = rs 
in camping-lantern mantles, where it No such plans were ever made thorium metal is very —— 
glows brightly when heated by a gas iKo)moynolecaaralionene hard to come by—while — 
flame. Plenty of other oxides work just as legal to own, just try to os i = 
Ace) | Pm OLURmUaCoyulereoMey.<lelcmicRelelcr-lonmecTeCem(eys find anyone willing to — 
EU loyatcmuneaten olcreye) (ene lCelohmeciee-mesuole) (cael sell you one. — 
with thorium’s relatively low level of — = 
radioactivity. Even today you can buy a 7 
thoriated tungsten (74) welding rods, — 
which contain as much as 2 percent Thoriated toothpaste is no longer made, thankfully. T -_— s 
dae) unebeemcomeluomciaul <omselou-t1en The cork on this empty bottle of Radithor a 7 
Pan lcrclideMmetulel qercli(cromat-lellusteyn still reads over a thousand counts per minute -_— 
AV obLelemereyalectbaCccemcielokye-veler-Um-baslolelslnneys ona Geiger counter. = S 
radium (88) and thorium, is what finally Welding = i = 
put a stop, in 1932, to widespread use electrodes — 
of radioactive quack medical products. containing => = 
Eben Byers was a wealthy playboy 2 percent = 7 
TteLeLUKcieutclincimmnuatokelectel qadavncren oleae (eKcKeyi thorium are ~*~ = 
IRE-To lu aLoymrcMol-hYALOeW slice lercuemuatemeler-(elliave in use today — S 
in the Wall Street Journal read “The and widely a = 
Radium Water Worked Fine until His Jaw available. = 
(Creal nO) Wat-lerelete(oelmeeyelunulelelcemre — ae S 
strengthened FDA control of cosmetics Sa 2 = 
PhaXe maalsreb lors melsyrs (estoy Obl mm Lmcwale)muals 6 — o 
strangest story about thorium. RA DITHO R a = 
In the heat of the Second World War, eR 2" 3 g* 
ied i ji freaked . a = SE ¢ i: 
Allied intelligence services were CERTIFIED . = fe > 
oe . ae 2 *— 2X fo) 
Pure thorium foil from which arc-initiating Xadioact ive Water om . 2 a 
buttons have been punched. . Contains nm = = n 
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PROTACTINIUM IS THE LAST of 

the naturally occurring elements that 
seriously annoy element collectors. Unlike 
the others—astatine (85), francium (87), 
and actinium (89)—protactinium’s half- 
life is long enough—32,788 years—that 

a lump large enough to see, while 
dangerous, would be entirely practical to 
show off in a nice lead-lined display case. 
WM abicwent-lcccminmelerncclitcloisiara-llmaslemenloyne 
frustrating. 

About 125 grams of it was put 
together in the 1960s and distributed 
Kom Ecloleyectceya (ccm ivicveliel-mconnclenmimce)s 
joXe) coral ar-lm-he)o)eter-ualoalwmave)ey-Nncvelenmuercle 
didn’t work out very well, because to this 
day there are none. I’m still waiting for 
some leftover protactinium to show up on 
eBay. 

Protactinium in the form of the very 
short-lived isotope **Pa_ (half-life: 1.17 
minutes) was discovered by Kasimir 
Fajans and O. H. Gohring in 1913. The 
much longer-lived isotope *’Pa was 
independently discovered in 1918 by 
|Buccxe(eyu (0) qulore (ona lelem (e)svem@vn-letice)emiel 
Yoel it velem-lele Mey @Olacomal-lalem-lelem mnie 
AY (eVinalosmlemercouact-lenia'hoMlmolomeler-unete 
sanleyuceloreloimut-Valem-lelem\y(cvluelomelete(on 
meitnerium (109), but the fact that we 
can talk about different isotopes at all was 
eLolomKoe)alomaats)enlel<)me)mialcme lets) mtsr-le0F 
Frederick Soddy. 

Soddy discovered that it’s possible for 
different atoms of the same element to 
have different masses, and lived to regret 
it. 

An element is defined as a substance 
whose nuclei contain a specific number 
of protons (this is the atomic number you 





see in large type on every periodic table 
tile). But all nuclei (except 'H) also contain 
a bunch of neutrons as well as protons. 
Each isotope of an element has the 

same number of protons, but a different 
numbers of neutrons. So, for example, 
the isotope ***Pa contains 91 protons 
((oYerer- Le lYou oyuole-leurevieleem@icmo ls eelcelmcNOE-varel 
143 neutrons, the result of 234 minus 91. 
On the other hand, **!Pa also contains 91 
Jo) xo)coyalcymolbime)elaval-cOma\cblane) ete 

WMetcmalevenlolmoymalceleneyecpixeymuruaer-liny 
no consequence to the chemical behavior 
OV lcovenkmoleimacluacRelelmcenelmeuia(e-lmne 
their nuclear stability. Nuclei without a 
1obe-1e)(emalenaslelcomeymalcblune)skmucvelemrenele 
unstable, and eventually fly apart in what 
is known as radioactive decay. 

When atoms disintegrate, called 
fission, a huge amount of energy is 
released—energy that is the basis for 
JoXo)a ompaloce (crm elev ivcomo)t-velice-velemelbleler-vs 
bombs. Frederick Soddy realized just how 
much energy could be generated this 
way and started preaching that mankind 
could now look forward to a clean and 
beautiful future of unlimited energy. But 
after seeing how scientists contributed 
icons eXemo)Coleleloy-ldeme)muelom albus] MV O)OCOMU\L te 
he turned away from nuclear science 
and began warning people of the terrible 
consequences of continued research into 
idatomelerel (ible 

#Wetelereiomsatcncmee)bilemelolmet-Aucdolcrorel 
any pleasure in it for him, he lived to 
see his worst nightmares realized when 
the atomic bomb known as “Little Boy” 
was dropped on the Japanese city of 
Hiroshima on August 6, 1945. 

WM ek-lmoleyenlomiuctcpeet-Ce(cmnuliombnr-lelioneen 


<4 Torbernite, Cu(UO,),(PO,,),°7H,O, is a lovely green uranium 
mineral I've chosen to represent protactinium out of sheer desperation. 
There is no practical way to get or photograph actual protactinium, but 


some atoms of it might be in this rock from time to time. 








Elemental ™,, — 


[|| itt {|| | a Oe 
||| i {[ {||| | | Um 
fTTii{ {||| ea | 6 
EERE UCU 
es Ve a ee es 
eee | a 
Atomic Weight 
231.03588 
Density 

sbomcy (0) 

Atomic Radius Ke 
180pm \ Se’ 
Crystal Structure ~~~- 





5500 





i 
mn 


6d 
5000 


6s} bp 
ili 


4500 


bt 


TTT 
2500 3000 3500 4000 


2000 


1500 





SS 
E S 
| 
—J 
L O 
2 g 
O ” = 
c 
=) x) 53 
- 7) ~ 
= Bt 5 
os £ > 
c Lu 
fe) Y we) 
3 E 2 
J 
x) 2 8 
Lu < Yn 


209 





Oleratltlan 


yale 





Ule-lallvlae 


IT IS IMPOSSIBLE to discuss uranium 
without acknowledging that the first 
atomic weapon used in anger was a 
uranium fission bomb, built in secret 
deep in the deserts of New Mexico and 
detonated over the unsuspecting city of 

Jw hiney-)sunect-Meyemselcmuleyetelvmiit-valemeyml-lor-lee 
SU sTem@incr Mell Mey m@valbat-m-levemuatewavele)ice 
moon shot were large undertakings, but 
measured by its irreversible consequences 
Ko) mUatomn ete) (omeymeatemo)t-balclem-lelemenvasale 
sheer leap of faith required to attempt it, 
nothing yet wrought by the hand of man 
compares to the Manhattan Project. 

The scientists who built the uranium 
bomb were so sure it would work, they 
ohCebammeaycyemoleldetomcccieletcmime-lrommsalcay 
Jak<Xe Me) el hyas0l0)brs40 Meaed ON (0) moyalom oleyecleye-Br-lel 
that was one of the most closely guarded 
of all nuclear secrets). The Trinity test, 
carried out at Alamogordo twenty-one 
days earlier, proved the feasibility of the 
sanle)uncmeroyenye)(cr.q@olivicoyalloventlerchioemelsni(c4emeye 
the “Fat Man” bomb dropped on Nagasaki 
three days after Hiroshima. 

AVitdaXcadetcompant-valeleremnvll mlbimuAVcn sale 
sbant(caolee)aMeymlelceiceyeal(omoleyenlomucseet-liake-vel 
open question. 

Though nuclear weapons have 
been used in war only twice, uranium 
itself has become commonplace in 
recent wars around the world. Naturally 
occurring uranium is 99.28 percent “°U 
and 0.71 percent **U. Both isotopes are 
radioactive, but only the *°U can be used 
to make fission bombs. When uranium is 
Je) noLercricyc1e ms (0) mole) enloment.l.qnatcam-lolelel Manion 
thirds of the **U is taken out. What's left is 
called “depleted uranium,” or DU. 

DU is widely used not for its 
remaining radioactivity but simply 


Pure uranium metal is perfectly legal to own (up 
to 15 pounds at any one time), and there are actually 
a few companies that sell it to element collectors. 
This 30-gram piece came from one such company. 





because it is a very hard, very dense metal 
that makes excellent armor-piercing 
projectiles. Tungsten (74), similarly dense, 
can be used as well, but if you're the 
government of a nuclear state, you have 

a lot of leftover DU on hand from making 
loXoyanloj-pwavelem DLO Mat-imualen-lele(crem-lone-bale-teve 
of catching fire on impact. 

VAN aXcoemalolme(er-libaremelcreueermone-balleien| 
(oro oLom COL laleMeyeMcd oichya-velembameetcm elcealcets 
of antique collectors the world over. 
Fiestaware plates and bowls made prior to 
1942, especially the orange ones, contain 
KomaskeClamelecvevieleemiemealcjimedit-VAcmsatclmuatcay 
will set off Geiger counters from several 
feet away. Eating from them is a bad idea 
not so much because of the radioactivity, 
which is of the relatively harmless alpha 
type, but because uranium, like lead, is a 
JaTcrc nya ne lele-l mole) icre)emsat-lmer-veulcr-leemeluime)s 
the glaze on contact with acidic foods. 

Possession of up to fifteen pounds of 
faFcLaGNecUMbbacbenlebeeM(e)mueleyaieientms)(cveslcialmele) 
is perfectly legal for private individuals, 
so radioactive Fiestaware can be, and is, 
widely sold, collected, and used legally. 
True story: A colleague at my software 
company has a kitchen full of Fiestaware, 
and she eats off it every day. After 
oXovuKeyiulalem coh ecoxomeeleralcomalemareniy 
stores one particularly hot set of bowls 
slightly further away from the sink. 

Leaving uranium, we say good-bye to 
the naturally occurring elements. From 
here on out, the elements exist on earth 
only at the pleasure of mankind—we have 
ido aet-lcomeetconemiemelenm ene (el(cr-lutcr-(ece) ame Mele 
first of this new breed is neptunium. 








awe rede oxo) (ol a-Lotie-lallOlumalicaie(-Kexey-1ilalep cel avers 
the depleted uranium inside this small bullet from 
oxidation. 
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Animage of the Nagasaki atom bomb 
printed using uranium salted photo paper. The 
print is actually radioactive. 
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ranium 92 





A Because this nuclear reactor fuel pellet 
contains uranium enriched in 7*°U it is not 
legal to posses without a license. 
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detector contains a 
luminous screen that 
begins to glow inthe 
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Depleted 
uranium tank 
: penetrator, with 
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discarding sabot. 





Green uranium 
“vaseline” glass is a 
exe) JU] F-Tmroxe) | (Kei t-] 0) (-¥ 
and moderately — 
radioactive. Combine 

vaseline glass and 

telephone insulators 

and you hit eBay gold. 


A modern 
spinthariscope 
made with uranium 
ore so itis legal 


X to sell. 


Red Fiestaware 


in. be el | ae 
made prior to for 5 at Come accustome - vie 
i ~—Sast §- -10 minutes belor 
1942 is famously 


: ; Win al. co 
radioactive, but W.unitednucle 


fey dat-Vakoxe) (ol a-¥-T ale! 
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Neptunium 


YOU MAY HAVE NOTICED a trend 

over the last nine elements: They are 

all radioactive, but the odd-numbered 
ones have very short half-lives while the 
even-numbered ones last much longer, 
in some cases billions of years. This 
trend continues through berkelium (97) 
Vale MO LUCCMCOMMALCMIVC WM selemO) KOKO) aloe U ale! 
neutrons pack themselves in the nucleus. 
Just as the noble gases are chemically 
stable because they have just the right 
number of electrons to form a complete 
outer shell, the nuclei of even-numbered 
elements in this range have the right 
salbvenlole)me)me)nelcoyalce-lalemalcelaneyalmuonceyuanl 
advantageous configurations. 

Another, if shorter, trend is that 
elements 92, 93, and 94 are all named after 
jo) Velcl AM WavmancvelOMcJe-DuccromiVliomeneclavionan! 
(92), named in 1789 after the planet 
Uranus, discovered eight years before 
the element. (The fact that uranium was 
discovered in 1789 is alarming when 
you consider that the phenomenon of 
radioactivity was not discovered until 
1895, more than a hundred years later. 
/Dehusatca-limdetcimaventormolcreje) lem ar-lem-lonreyloine) hv 
no idea that there was something very, 
very different about uranium—that unlike 
all other known elements, it could leap out 
of its container and bite you.) 

Neptunium was the first transuranic 
(CRewe oleareyelembrn-valloneed Ms) (ceelcelmcon ole 


<4 Aeschynite, (Y,Ca,Fe,Th)(Ti,Nb),(O,OH),, 
from Molland in lveland, Norway. Not really any 
neptunium in it, but it’s radioactive and 

actual neptunium is unobtainable. 


discovered (in 1940 at the University of 
California, Berkeley). By convention, 
uranium is considered the last naturally 
olore bhuuleleas)(seslselemelelmlemr(Omioumalehy 
amounts of neptunium should exist in 
bbe-vevlebentdolcr-buletcmasvbalcve-lcmenelcmcopelelelcrvs 
side reactions triggered by uranium’s 
decay. 

AM eterccu-vncmalemeeyenventeyem-ye)e)eter-lalevacmieys 
saCcjoabevLeleaPmolonmrelm-lvene\lmeciue-boelkm@ar-hi(c 
Yo) aelem-m ele)en tons Welemcie-baler-tnem slelenyelele)ie| 
smoke detector uses a tiny amount of 
americium (95) to generate alpha particles 
whose interaction with smoke particles 
can be detected. The isotope of americium 
used, **‘Am, has a half-life of 432 years, 
and its decay product is the *’Np isotope 
of neptunium, with a much longer half- 
life of 2,145,500 years. The older your 
smoke detector is, the more neptunium 
SOLU Mm anelemer-kur-loeebaceltclccrom lem lem comeats 
point where after a few thousand years it’ll 
pretty much all be neptunium (a few tens 
of millions of years after that, it will nearly 
ell morencieclo)(ommer-UisLUlaeMms)(cveelcvelmcd OP 

CLoyaleteverver-mderomexcyelemoymo)t-velcmatventen 
(Comets (er-kolmme (ore Ca cob olcnge) (-valcamat-leslech 
depending on whether Pluto is defined as 
a planet this week or not), we arrive next 
at the most potent symbol of death and 
destruction in the modern age, the grim 
reaper of the elements, plutonium. 
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IT’S AN INCREDIBLY FORTUNATE 

id sbnetcmdotctmont-l.qbatcm-lcoyestlom olevenlecmicacye) 
very difficult—if it were any easier, more 
eA KOLEL OM VOLUI OMEN Ko NIM at-Aomeloyelemimehmsleni'A 

Pa@bin-vevlelesmesyAm-lcoyacttomele)selomimoer-txe! 
to make because the **U isotope you 
need is extremely expensive to separate 
from the much larger amount of useless 
*38UJ found in nature. Expensive as in “if 
SOLU Mom ale] mUaleuce\Uclualentoralmeyar-lem-lenrcclalacre| 
nation, you can't afford it.” But if you 
can get your hands on a critical mass of 
*35UJ, it’s pretty easy to make a bomb: You 
essentially just build a cannon that shoots 
oyalemcibloleuia(erlmiepesvome)mbrr-balleleemielce 
another—and boom. 

WWEVetatea- Mo) Lbivoyevnebeemelevsclomoettcielt 
seem easier because it is not so hard to 
get enough plutonium. Sure, you need 
a nuclear reactor, but that’s child’s play 
compared to isotope separation. (In fact, 
at least one child has seriously tried: 
IDEM (oM a l-levamee)elienel(accem-Me)nccelomiceAneyn 
as his Eagle Scout project in 1995 and got 
into big trouble when people realized it 
wasn't just a model. Some people think 
aVKcpaevbaNtclaelncmucr-(eicoymenltcdelmatchucm-Cerabe-l av 
worked.) 

But while it’s relatively easy to 
eZ O)LULCoyavivnesMmasnelorcdem-amnelencrellehy 
fortunate coincidence it’s extremely 
hisnCeUliencomacrueWimialcon-moleyenlommaguelceyavivnan) 
splits so much more easily than **U that if 
you shoot two subcritical masses toward 
each other, they start reacting before they 
touch and blow themselves apart, before 
even a tiny fraction can fission. This is 
called a fizzle, and while it might spread 
radiation over a wide area, it won't melt 
the target city as intended. 

WKoment-l com-molielcopanlelesmelevsnlomiioue 
you have to assemble the critical mass 


<< This plutonium pacemaker battery case is 
empty-fortunately. If it were full, possession of it 
FTENAVAN-RKeLULeT(0(-8-U eLete A celel (ol of-¥-Relalaa(-5 
















loyvaienyo)loretbarca-mcjo)alcoucmrelcominio sme) i ete 
explosive “lenses,” which have to be 
nearly perfect. Any asymmetry in the 
shock wave gives the plutonium a way 

to sneak out the side. Even today a 
e)UULCoyaveleamalcyleyemolevenlomucrepelinecmcr-ltcr 
of-the-art metallurgy, pyrotechnics, and 
se-lo) uLercha(oyamccrel svete) Ceycavapalehva-bastclccels 
e)ibiceyavibsemoleysslemniovel(om-lbesloximociur-tnel hv 
fizzle. 

Plutonium is often called the most 
poisonous element. The people at Los 
Alamos, where nearly all of America’s 
plutonium is kept, were so hurt by this 
id akchond etc olelo)itcialerem-mor-lolcoomeleicevereltarss 
plutonium against what they consider 
its unfair reputation. Well, they would do 
that, wouldn't they? 

What is undisputed is that private 
op iisaleyacjabsokeyme)ivncovallorenmie-lonrenelco ny 
Ko) de) Cole (vaMmisidemeyelcmalehac.cocelile)en 
Pacemakers today use lithium batteries, 
but a few people, no one knows exactly 
aXe) iimactclenVarciall mM etchycmasloleCo mele ivclncremeyy 
plutonium thermoelectric batteries. If you 
have one in you, you're allowed to keep 
it until you die. I have—and I swear this 
is ttue—gotten e-mails from undertakers 
asking me what to do with the radioactive 
jok-Qercvank-l.coymietcavm colelecemiemeyetemeymuatcyin 
clients. As tempted as I might be to invite 
them to send me the plutonium for my 
(oo) NCToraloyeem Metcavcmenenatnell nya ce)cemsr-(eemeyate 
dorcel ona c-Wiva-limouelcoyenielesmeslelimexomsloyesle 
to Los Alamos, where it will be loved and 
cared for. 

While plutonium is perhaps the 
most highly regulated and tracked of all 
idatems) (<yenlsiel icp dalcmcycleelom swale) muablome)ar-l | 
synthetic radioactive elements created 
in nuclear reactors. Take, for example, 
americium. 


A Outside and inside views of a pacemaker into 
whicha plutonium thermoelectric battery (left) 
would fit. 


» Homeopathic remedies are fraudulent products that 
contain none of their listed ingredients. In the case of these 
homeopathic plutonium pills that is a distinctly good thing. 
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YOU MIGHT THINK that a synthetic 
radioactive element that follows 
plutonium (94)—and has a significantly 
shorter half-life—would be some kind of 
superbomb material, available only to 
scientists in secret laboratories. Perhaps 
a mad scientist is studying americium 

in a lair somewhere, but if you want 
some yourself you can simply walk 

into any neighborhood hardware store, 
supermarket, or Wal-Mart and buy some, 
no questions asked. 

SM atom ncr-KropemmalOlmletcim-ventcu(onelee mts 
snvbaer-boetcseue-li va (ccimer-barecconolelmeet-lemeats 
elements around it. In fact, the commonly 
available isotope, **'Am, is significantly 
more radioactive than weapons-grade 
jo) lUiceyavivesctar-vele mlm (cr-folmr-lomcey.<lems\loym uate 
difference is simply that there is a useful 
application for americium that requires 
only a very tiny amount, and for which 
a company was prepared to go through 
the effort required to carve out and get a 
regulatory exception. 

Ionization-type smoke detectors 
Loyelecvinm-Melen@coylmoluincoyame|CniccnJieeviccts 
to the foils in the antistatic brushes 
(ohisYore tcicrere mepaeleymoce)(opevivneem(srapme) aunt 
much smaller. The americium inside 
releases a steady stream of alpha particles, 
iV ebCeloMaechiyc) MUsbnolercdeu-lom-limolat-venlelcm-velel 
are picked up as an electric current on the 
other side. If even tiny numbers of smoke 
jek-vasleonMeyelcclmssleneet-leslelommlslamilcoucane 
with the stream of alpha particles, 
eXesugeiuoyeelcamdeleebinncvalm-velemoulesccvuletemaats 
alarm. 

Sy alolel lem Acmive)emiaclorelenmr-lenley-Ceuhye 
lo} bLace)amcrelerneccmlemca(cimyaaleyesleraey ante) co 
detectors of this type are significantly 
faster than others in responding to 
ore) anvastesamalnerwr-l elem etchicmelenelelele)mcr-Aucrel 


WW at-War-telte-Lortha-¥-laat-vaterlU liad leiaceyahigelaeNlattic(-¥- 


common ionization type smoke detector. Underneath 


the gold foil is 0.9 micro-Curies of 241Am. 


many lives. And as with the polonium 
in antistatic brushes, the americium 

in smoke-detector buttons is well 
protected by a layer of gold (79). While 
sa{O) more) o1s) 16 (21x c16 mre mex0OLem (el cr- Fm 01510) 8) (eM BE-AYL@ 


swallowed such buttons with no ill effects: 


WW etouexo) (chm ol-rnetca-merele)(cmeelcit-l Manuleetie-valels 
attack by stomach acid and allows the 
lo)bhacoyamconsaeelcsecccmiole-(em-lalemelelier-luelcep 
Rejecting smoke detectors because of 
deloobur-beetcouleleneemnvelellemelmuommcoleiier 

With americium we reach the end 
of the line for element collectors. It is 
the very last element that is legal to 
own without expensive special licenses 
Qiideblolemiemecceloe-le-teemcE-balecemeelh@lmvelel 
can demonstrate a legitimate reason for 
needing a given element). 

Americium also starts a trend that 
continues all the way to the last of the 
currently named elements, and most 
likely will apply to all those yet to be 
named: The elements from americium on 
have been named for places or people. 

Those honored so far have all been 
scientists of the highest order, starting 
with Marie and Pierre Curie. 


The ubiquitous ionization 
smoke detector is available 
in any hardware store 
or grocery store for 
afew dollars, and 
has saved many 
thousands 
of lives. 
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CURIUM, CURIOUSLY, was not 
discovered by the Curies. The dynamic 
duo of Marie and Pierre Curie discovered 
joXe)Keyavivvaem(crOm-valeme-Cenlvesem(sts)Fmoluimate)s 
curium. 

In fact, none of the elements named 
for people were discovered by those 
people, with the possible exception of 
seaborgium (106), depending on how you 
define “discovered by.” 

(O}alemxer-lroyam meer-lepim loli maolelleleamele 
cricket. Although scientists are just as likely 
to have very large egos as people in other 
professions, and some do everything they 
can to promote themselves, appearing 
to do so is just not something they can 
(cKowebalye)0le)i (ons DYoyat-IkoM Rublonlomeclemolelmerts 
sareVenCome)om evicmovell (ovetccfmolelm-Veniacrellcy sluts 
caught trying to put his or her name on 
Ve med cs eatcvOLMnelbicemolom-jar-lentcremelelmeymuats 
lab. (It would never work anyway: Element 
names have to be approved by a very tough 
Loy aateaviaccremeymselcmioiccymer-leloyer.| MUpevloveme)i 
Pure and Applied Chemistry.) 

Moreover, the days are long gone 
when someone like Marie Curie could 
Florey mpcoymenteyoldetmeametoomt-lomelolelmjelem er-vel 
(Loyalercvalen-lccrom-bamelel qalensenielonie-vales 
GeeTohieboed Me Coy isemuomeetemoleyiolmivelcnem elon 
beakers and funnels glowed in the dark 
E:TaXe Meroyale-vacveat-icccem elcomt-lomaleccvelele).<cm-lare! 
even her cookbook to the point where they 
have been stored in lead-lined boxes to 
this day). 

Since the advent of the era of “big 
science,” in the wake of World War II’s 
AZE-Vol otclat-lol exe) (cream elec) (coselcoelmet-lcolcccyel 
discovered by just one person. These 
have been joint discoveries, made by 
teams of dozens of researchers working 
cooperatively in a handful of large 
neklOLae lee) alow Melcinomnolel (om elemalOmicchy 
to choose just one person to name the 
element after. 


<@ Marie Curie, for whom curium is named. 


Talelas 


Curium was discovered by a large 
team led by Glenn T. Seaborg, Ralph A. 
| F-ventenyer-balemaViolcumesalloyncommenyierca sels 
60-inch cyclotron at the University of 
California, Berkeley. Its only applications 
relate to its extreme radioactivity: portable 
alpha-particle sources and so-called RTGs 
(radioisotope thermoelectric generators), 
which use the heat generated by 
radioactive decay to power instruments 
that must operate for long periods of 
ab aalem- Ani hv@eneyaem 01c10)0)(cm-Velemelealoomoleniicn 
sources, such as those on space probes 
and the like. 

If anew element is to be named for 


» A medallion commemorates 
the 100th anniversary of the 
birth of Marie Curie. 


a person, the solution (again, with the 
exception of seaborgium) seems to be to 
(ol aTolons(em bash eleyuc.leimolere)e) (omy elem tcomcrsIic) hv 
dead, like the Curies. New elements have 
also sometimes been named for the place 
where they were discovered, which is a bit 
of a self-promotional loophole. If you're a 
leading nuclear scientist at the University 
of California, Berkeley, everyone knows 
that. If you can get an element to be 
named, say, berkelium (97), that’s pretty 
much the next best thing to getting it 
named after yourself. Which is exactly 
what happened with, well, berkelium. 
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Berkelium 5 


THE LONGEST-LIVED isotope of 
berkelium, **’Bk, has a half-life of 1,379 
years. What this means is that if you had 
a one-pound block of berkelium and let 
it sit for 1,379 years, you would have only 
half a pound of berkelium left. If you let it 
sit for another 1,379 years you would have 
a quarter of a pound of berkelium, and so 
on. 

The berkelium doesn't just vanish—it 
is transmuting, in place, into americium 
(95), specifically the isotope *““Am, 
which has a half-life of 7,388 years. After 
(eyo dalovelcr-bale MY cr-tecme) move selene) eleenyl | 
be mostly americium, but that’s just 
temporary. Even as it’s building up, the 
*43Am is decaying into *°Np, which then 
very rapidly decays into ***Pu with a half- 
life of 24,124 years. 

PaVitc) mr MeOle lo) (om enelerencremuslelerr.tave| 
years, most of the *°Pu has decayed 
into **U, and there it sits for a very long 
time because **U has a half-life of 70 
million years. But eventually, after several 
additional stages of decay, the end result 
is 5/6 of a pound of stable lead (82), *°’Pb. 

Where did the other 1/6 pound go? 
Consider the first decay from **’Bk to 
43m. Americium has two fewer protons 
than berkelium, and its mass number 
is four less (243 vs. 247), meaning that 
aon oynelcovalce-VelemaiVomalcielene)eMiVoKe 
lost. When the *’Bk decayed, it shot two 
Jo) KOlCoyetcw-DaLeMAnomelcielenevecmelelmiemselcmieyusn! 
(oye Vem-lhe)at-mor-lua(ellcrm-Ceeelenaleletcmcoyme) eels 
of the loss of mass. (What physicists call 
an alpha particle is the nucleus of what 
chemists call a helium atom.) 

Other stages in the decay—for 
example *°Np to *’Pu—change the 


<4 The great seal of the University of California 
at Berkeley, where Glen Seaborg discovered 
berkelium and many other elements. 
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that a **Pu atom weighs the same as a 
*39Np atom, but this is not the case. In fact 
the *°Pu is very slightly lighter—the extra 
mass in the *°Np has been converted 
directly into energy according to Einstein's 
famous formula, E=mc’ (in words, “energy 
equals mass times the speed of light 
squared”). The speed of light, c, is a very 
loyfomohetenlolcsemantcr-velbercmdat-lar-Wcyest-lim-vestelerell 
of mass converts into a huge amount of 
energy. 

So the answer is that the missing 1/6 
oXoLeraremet-lomaviwalcreMielcom-mee)enloner-laleyel 
of helium (2) (from the emitted alpha 
particles) and pure energy. (And in 
practice, that energy means you'd never 
loXeu-le)(cmcom <crcjom-vem-lener-lmoleleralemeyl 
loXoru <c)blbaeme)eM(eloemelc) emimivelel(emolemt-ts 
too dangerous.) 

Virtually no practical applications 
have been found for berkelium. But, 
surprisingly for such a high-numbered 
element, there are actually a few real 
applications for californium. 
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» The decay chain of 2*’Bk, described in 

detail in the text. In most cases a given isotope 
decays almost entirely into one new isotope, 

but sometimes there is more than one possible 
decay pathway. Shown here are those paths that 
occur at least 1% of the time. The chain stops 
when it reaches a stable element, in this case 
almost all the material ultimately ends up as the 
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lead isotope 7°’Pb. Yes, this is transmutation of c = 
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CI SININ RC) ora) (Ca ice-mer-leslomelemabinl 
nelcom-m (Olar-DuoleneleMssvicmor-Vume)msslcmelulorerle 
table. He is on the list of those credited 
with the discovery of californium, and 
also plutonium (94), americium (95), 
curium (96), berkelium (97), einsteinium 
(99), fermium (100), mendelevium (101), 
vatoloyobieleeM@uevarer-lavemcicr-loleyecaieleem@nele)p 

The last one is of particular note 
because it is the only really unambiguous 
case of an element named not only for 
a person involved in its discovery, but 
also for a person who was not dead yet. 
This was so controversial that the 1997 
agreement to allow it was reached only 
after a horse trade in which Seaborg’s 
colleagues at the University of California, 
Berkeley, allowed their archrival, the Joint 
Institute for Nuclear Research in Dubna, 
Russia, to pick the name for element 105, 
si obo) elm ofo)emeanolel ome t-Ueselcromnomsrchycmlelenere| 
first. And that is how it came to be that we 
HALO) iva sEchicm ole) demcicr-loleyecdleieom-lalemeloleyavivnan! 
(GOs) eer elo lercd emia (ucr-t(e mast-lemeomeelimer-hiA 
some people at Berkeley refuse to call 105 
by its official name. 

SW atom at-venviet-meymcyieticcuraliossem-varel 
fermium might have been similarly 
controversial but for the fact that Cold 
War secrecy kept their discovery, and their 
proposed names, secret for so long that 
loXo)deWaViolcsum@elieitcosem-lalem cialul@omnciuael 
had conveniently, if unfortunately, died by 
the time the existence of their elements 
could be revealed. 

|B o)xoyanvtsierem-y0)0)icer-luleyemss.¢-ba0)e) (eB O)s 
californium, the last element that has any 
whatsoever. Californium is an extremely 
powerful neutron emitter, a property that 
makes it both extraordinarily dangerous 
and uniquely useful. 

(©) E-11 Rd etcucoyusetme)me-lel(or-Caunuiarasele 
most dangerous is neutron emission. 


<@ The great seal of the state of California, 
ol mVaaltoraKer-liicelaallelamkwatelaat-vek 


Because neutrons carry no charge, they 
are not repelled by either negatively 
charged electrons or positively charged 
protons. This allows them to pass through 
solid matter with relative ease. If they 
should happen to strike a nucleus, they 
are able to infiltrate and destabilize it. A 
beam of neutrons thus has the alarming 
property of converting perfectly ordinary 
matter into radioactive isotopes: Exposed 
to neutrons, you yourself become 
radioactive (with a half-life of 15 hours, 
primarily from the sodium, element 11, 
isotope “*Na). 

AViV/ak-hepeok-l cow alclonaneyamiun-Celt-luteyel 
useful is that when a given element is 
turned radioactive and then decays, the 
type and energy level of the resulting 
radiation is highly characteristic of that 
particular element. For example, if you 
beam neutrons at a piece of rock and get 
back gamma rays of a particular energy, 
you can say for sure that there is gold (79) 
inside that rock. 

OW avicmicre evento LComicmer-lilcromaCcbleneyel 
activation analysis, and besides detecting 
Zo) (oi meor-Vomle(creleinmeylmiamestcmololaceyeameys 
a well, or explosives inside a shipping 
container or suitcase without having to 
open either. Neutrons can see straight 
through the solid steel hull of a ship. What 
californium does is provide a convenient, 
very small, very portable source of a 
VA oEsUcoMe) ire 0) Me) alcielaneyatcpmeyalcm satclmertel 
loXexe(=)0) Ket(oxe bal oleyut- le) (cmnalsjorccaaleyel 
instruments such as those that are 
lowered down oil wells. 

Now say good-bye to any form of 
usefulness. After californium, it is safe to 
say that the people and places for which 
the remaining elements are named are far 
saale)ucmienloleyue-balem-velemasle)ncmielccincniaietce 
than the elements themselves. The most 
spectacular example of this principle 
comes in the case of einsteinium. 
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GETTING AN ELEMENT named after 
yourself is not easy. Winning a Nobel 
Prize is trivial in comparison—there are 
more than 800 Nobel laureates, with more 
added every year, but just a handful of 
JeXexe) 0) Comet nome) mer-leMca'(om Oem a Loyaleyncre| 

with elements. Einstein, however, was 

a shoo-in. He was the most famous 
scientist in history while he was alive, and 
halfa century after his death, he still has a 
Ho) I avanrcorerematexeselupant-vat-teanelca ovicminet.texen 

Everyone knows Einstein, but few 
know that he sent the single most- 
important letter of the 20th century, 
JoXeysc) lo) had elcmaclecimenlolejur-lelm@(acmeaVcs 
written. Even fewer know that this letter 
wasn't his idea, and he didn't actually 
write most of it. It was the letter that led to 
the atomic bomb. 

Nuclear fission happens when a 
large atomic nucleus, say the nucleus 
of an atom of uranium (92), splits apart 
into two lighter nuclei. Sometimes this 
Jaz i) olor aloe) oeyeue-talccolelavaelbialm- melclblaneyel 
avLecm delcmutcd nlm qnelemoymalece (.elymlmertel 
trigger the split immediately. When a 
nucleus fissions, a large amount of energy 
is released, but so is something else: one 
or more neutrons. 

The “or more” part is what caused Le6 
NYAIE-TKG MUON SEchYcmr-Mcie (ele (csam-vale Moyne) colenarel 
vision of a dark future as he stepped 
off the curb onto Southampton Row in 
London on September 12, 1933. What 
he realized was that if somebody could 
build a device where one fissioning atom 
releases two neutrons that go on to strike 
and fission two more atoms, releasing 
four neutrons that fission four more 
atoms, then eight, then sixteen—mankind 
would have found a path straight to hell. 

WM aveucybanhe)(cximer-lebie-laloyelcmeleniy cre! 


< Albert Einstein, the most famous scientist of 
all time and thus a fitting person to name an 
element after. 





dok-l@pmMYOlemoelellem-Cemer-linvmnavler-lcck-velel 
sustain a nuclear chain reaction, the 
amount of energy released would 

be so much larger than anything yet 
experienced on earth that it would be 
chinnKerblimeat(cramconeeyalecihy(ome) miu er-lmoelelle| 
JoXee(oyaComiUldemlemUpel(oyuneler-leohar-vitc) meals 
experience of World War I, Szilard was 
pretty sure he wasn't going to like it. 

OLUNiKemoloyarmeyAlt-tnemucrslIVAcremanie) 
things. First, that something very, very 
loy-Ke MiKo) ca iulalcm lemerciuent-velciele (clatar-vele| 
ore) a6 PMU aks Lap aek-Vehvae)mdalcMolccimenelelcrls 
physicists were working in Germany. The 
hal Aya daviatcmante)ucmaloyuusayrercacemelionmietztel 
1d aXom ea Co)oredal meyer Walele (or-lmelat-beemucr-(en (eye! 
used in war was the thought that Nazi 
Germany could very possibly do it first. 

He made a fateful decision to write a 
letter to President Roosevelt warning him 
that America needed to build whatever it 
Ves lomo FsHmOOLbI CGM oloMolellium-bale mele mim els) (eas 
the Germans. But who was he to write 
such a letter? 

PaVee Romi mer:leatee-lolelelmist-lmav lent 
Einstein put his name on a letter drafted 
for him by Leo Szilard and arranged to 
have it personally handed to Franklin D. 
Roosevelt by a trusted friend. Five years, 
eleven months, and fourteen days later, 
dolemalblelccrctmelcas(eccmer-les(cembulelinmiimsele 
sky over the deserts of Alamogordo. 

SM atom@rcmeatcvelmalca(comelm-lehanyeleis 
close. For one thing, the scientists 
Voyuelarem lame rciusat-lenmaroneevene) (acy 
lolbbated(cremselcsimeeyuncrjoleyeleniatca-latconeyelmce) 
get the attention of top leaders that their 
loXe)anlomnciant-bealcre Wr-Wle)ivalolelerec1 mUNeAoRvI AY 
project. For another, the Nazi insistence 
ovawalayeclemn-Cer.] moleeuinimaetcr-velmest-lmeleee)ls 
like Enrico Fermi simply went to work for 
the other guy. 
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EVERY FIELD HAS its legends, told 
Vale Mucice)COmebalel Muelcavmr-l.come)om-lem-imeys 
mythology. One is how Enrico Fermi 
created the first sustained nuclear chain 
reaction in a racquets court under Stagg 
Field at the University of Chicago. His 
Chicago Pile One, or CP-1, went critical 
on December 2, 1942, at 3:25 p.m. 

As described under einsteinium (99), 
a nuclear chain reaction starts when a 
neutron hits and splits a heavy atom, 
releasing more neutrons, which go on to 
split more atoms, and so on. However, 
a number of factors stand between 
davicmcyienyo)cuctwieavencrs(om-belem-lem-Ce1aer.l| 
sustained chain reaction in a block of 
uranium (92). 

Nerehuqeyarcwane)esmenecbeliebesmatcyjleyel 
shoot out at a very high rate of speed, 
but uranium atoms are efficiently split 
only by neutrons traveling much more 
ICOM VAAN bom dalcvuenloyncmmonal (xtmuelome) (ele qe) 
uranium is very large, the neutrons are 
likely to exit it before they hit anything. 

So while each uranium fission 
releases two or three neutrons, most of 


<@ Enrico Fermi, for whom fermium is named. 


those neutrons do not lead to further 
UIs) (0) arc beXe MUeloM cys ColCUATcweclNlO MO) malcibluneyel 
production is much less than 1:1. In order 
to increase the ratio, you need to use 
either tons of uranium, or a particularly 
S1URYOc] 0100) (om (0) (0) Oo O) MA OLU Alero COR) (Onn 
down the neutrons using what is known 
Flora 081016 (2) elk) MO) mle) eatem@eyenleyier-laleyel 
thereof. 

Fermi assembled a large rectangular 
pile (called a “pile”) of several tons of 
uie-vevneboem-balembnr-ballorenmey.qle(cm-Vinciuer-lucre| 
sid elmo) ore) <ome) melted sbyolelminymcde-y0)sviccrm-vel 
excellent neutron moderator. His careful 
calculations indicated that once the pile 
was finished, the neutron-production 
sec LO COM VelbIKe Molen C-bucxc) ma et-bame)elcmm-vele meals 
Joy CM UVcoyel (oll oxemer-hey-le)(emoymr-lemeo.qoleyelcsauarsl Inv 
increasing chain reaction. Even if Fermi’s 
experiment had not been located in the 
sanvce (ol lome)m- Me (svelte hmeleyeleleclecremearaaelts 
joke) Keyehat-lmaXercrelcrem Con elom <cjolmeralelmucas 
careful control. The pile was designed 
with a set of “control rods” made of 
or-TohenvivvaemC-copMmnUal(olamcleneyercdniaclonieue) 
neutrons. With the rods inserted into 


1d oom opi emmdalemercConenvionaemer-lolauincremevelejercial 
neutrons to keep the neutron production 
ratio below one. 

It was a tense few hours as Fermi’s 
ICer-Dae mcd Conisava olbllCcremsslemore)alane) BueLels 
ohbimeyemsat-lm Diceceslelcomer-aymerucvibn lay 
saeloyavice)ubarcmdalcmalcibianevamerelenelmeeyantners 
(oh Dime) mdetom opi lcm-velemccriunetca-tercliem-valel 
again that the thing did indeed shut 
down when they pushed the rods back in. 
aloXolelm delcmeyelhmdevsatcmaetcavmentelam menor) i nv 
test was the guy with an ax whose job it 
was to chop through the rope holding up 
the last-ditch set of emergency control 
rods. 

The pile reached a ratio of 1.0006 at 
3.25 p.m. and operated for 28 minutes, 
generating about half a watt of power. 

It wasn't much, but it was enough for 
Enrico Fermi’s name to live forever in the 
legends of atomic power. 

(©) elo lehucrermaleyalone) menvicwer-ice-venadeliare 
iKOGCOMidemuetencl(-Jnelejelm@icometionsen 
which (just like the remaining eighteen 
elements) has no applications. 
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ELEMENTS 101 THROUGH 109 are the range of elements over 
which things degenerate from “it has no applications but at least a 
visible amount has been created” to “you can list exactly how many 
atoms have been created and when.” 

By the time we reach meitnerium, we're talking about less than 
aoe loyAo10u-lke)aelya cole-Vem\ielol(sa mem saltmol-vume)meslome-lo)(cm-Nuomeleeopnennals 
too big and too unwieldy to hang together for more than a few hours. 
The longest-lived is mendelevium, with a half-life of 74 days, but the 
next longest is only 19 hours, for rutherfordium. The shortest is 43 
minutes, for Lise Meitner’s consolation element. 

NY CoXs} mo) md ol cm olor) o) (cm aloyaloyncromunon s(oucmeameaComen-Dalieneclalecmer-a(c 
V0) MAO) 0l<) ms ese V Aske O01 male) mr-lIMe)muel=) sees DJaevinum\y(cJalels)(c1cavmellomele)i 
win a Nobel Prize because they didn’t yet exist when he invented 
the periodic table. Alfred Nobel didn’t win a Nobel Prize because he 
invented Nobel Prizes. And Lise Meitner didn’t win a Nobel Prize 
mainly because she was a woman. 

But Meitner gets the last laugh. Many people believe she deserved 
to share, with Otto Hahn, the 1944 Nobel Prize in Physics for the 
discovery of nuclear fission, but a Nobel Prize is a cheap trinket in 
(cLoyanhoy-vulreyem com satementleneleialeyeme)met-awlelcm-leme)(csesleelmar-ventcemiemyolels 
honor. Because “hahnium” was once a serious contender for element 
105’s name, the rules say it can never again be used as an element 
name. Lise is in, but Otto is shut out for good. 

Back in 1944 Lise Meitner wasn't hard to find, but when the 
Nlolote) M@royanvanvinccrom-Nisc-bne (crema elon o)uyAcm COM ul: level-lloyelcmmdatcawmat-Comelem(elcr.| 
where he was. They put out a plea that anyone who could find him 
should please inform the Nobel Committee so they could give him 
his prize. (What they didn’t know is that Hahn had been captured by 
the Allies in the last days of the war in Europe and was being held in 
secret confinement along with a group of other top German nuclear 
scientists in a remote British house called Farm Hall. When a reporter 
got wind of the search for Hahn, he peeked over the perimeter wall 
and may have caught a glimpse of Werner Heisenberg exercising 
naked in the garden. Or maybe he didn't.) 

atcmaatcveracoyatcre meraelcsmer-UencoyusvieleaMeclodMmelOlopalionenm-valem(cr-Loleyncaiunan! 
got their names after a lot of arguing. Lawrencium, on the other hand, 
was a natural choice since Ernest Lawrence built the first working 
cyclotrons, the machines used to discover many of the new elements 
in this range. Ernest Rutherford goes back even further: He first 
discovered that elements had nuclei. Niels Bohr in turn showed how 
id oXom oLeniehbyome)mdalemol-vu(olel(ome-Le)(eelullemolombnele(-)ac]celelembamncsnaelne)i 
electron orbitals. 

That leaves only hassium to explain: Its name comes from the 


name of the German state of Hesse, where it was discovered, making it 


the German equivalent of californium. For the German equivalent of 
Joxeyu<cJNLODAOM CCW APA cm alelsreW (ole) Gale mabludels)muet-vamer-bucelsr-celnlebesr 
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which you can safely say that, even though they have all been 
discovered, they dont actually exist. By which I mean: No atoms 
of any of them are known to exist on earth, unless as you are 
reading this someone happens to have their heavy-ion research 
accelerator switched on, trying to make some. 

JDEVusetie-ColaleveemKymeymeelvinccmercvestcemce)misl-Reciuset-lemelaae)s 
Darmstadt, home of the Gesellschaft ftir Schwerionenforschung 
(Institute for Heavy Ion Research). 

Wilhelm Conrad R6ntgen discovered x-rays, which makes it 
somewhat ironic that his element does not emit x-rays when it 
decays moments after being created. 

Copernicium, discovered in 1996, but not officially named 
until 2010, has the distinction of being the only element other 
than Nobelium to be named for someone who didn't have much 
to do with chemistry or nuclear physics. Nicolaus Copernicus’ 
main claim to the name, aside from being a great astronomer, 
seems to be that, like the scientists who discovered the element, 
Copernicus was German. 

Flerovium, known until May 2012 as Ununquadium, was 
discovered in 1998 by a team at the Joint Institute for Nuclear 
Research in Dubna, Russia, and named for the founder of that 
institute, physicist Georgy Flyorov. Well, actually, the official 
line is that it was named after the Flerov Laboratory of Nuclear 
Reactions, which in turn is named after Mr. Flyorov. As a rule it is 
more politically practical to name an element after an institute 
than after a person. Wink wink. 

Livermorium is not actually made of liver, nor is it named 
after liver, liverwurst, or any other meat product. It’s named 
after the Lawrence Livermore National Laboratory, which 
(much like the Flerov Laboratory of Nuclear Reactions for 
which element 114 is named) is named after a person, Robert 
Livermore. Somewhat unusually for people after whom 
elements are named, Mr. Livermore was a rancher, not a 
physicist, and he died in 1858, a full 142 years before the element 
was discovered and 154 years before it was named. 

The names of all the remaining elements are, at the time of 
this writing, temporary placeholder names built from the digits 
in their atomic numbers, expressed via a mixture of Greek and 
Latin stubs for those digits. 

Element 117, for example, is un-un-sept-ium, from the Latin 
uno for one and the Greek sept for seven. 

There is no fundamental reason for the elements to 
stop at 118. That’s just the last one that fits into the standard 
arrangement of the periodic table. Since none higher has been 
discovered, there’s no reason to add a whole new row. Yet. 

Theoretical calculations indicate that there may be an 
“island of stability” around 120 (unbinilium) or 122 (unbibium). 
Those elements are not likely to be stable, but they might have 
significantly longer half-lives. 

And so it is that we come to the end of our journey through 
[dotem o-sulorelCome-lo)(omalolmiisiiom-Moy-velcamolvimisiiem-Meeyselestiarcren 
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The Joy of 
Element Collecting 


I STARTED COLLECTING elements in 2002 and thought that 
in 30 years I might have most of them. Thanks in large part to 
eBay—and my own insanity—by 2009, I had assembled nearly 
2,300 objects representing every element, the possession of 
which is not forbidden by the laws of physics or the laws of man. 
You have seen many of these precious items in this book. 

To quote ABBA, “What a joy, what a life, what a chance!” OK, 
maybe being an international pop star is more exciting than the 
life of an element collector, but it has its moments. 

iB ox-buateiel-vuhvacsay(enmureleiiat-mere(oley-Vimolcentelnwremelalr.qelaeitcre| 
Je) Kerem Yd Lom nVColel lem ot-homualoercdalmiet-lmroleme-lemarelemicmimeleiis 
niobium (41) in very impure piercing shops—the kind that make 
you feel like disinfecting yourself after you leave. Or that Wal- 
Mart sells simple rectangular blocks of pure magnesium (12) 
saatcak<lem-lolo lela: tome) t-Viem-tcme- lem olomiyliemeleneluelcsmabveleiteyemist-vamce 
be used to demonstrate the fact that magnesium is a flammable 
metal. (They sell them in the camping section: You shave off a 
oyimULdem-Walovelalatcm ealicmmestovameliomestcm-tue-(elelccemssnelmcemitcdslmests 
shavings and thus your campfire.) 

Some elements can be experienced in large quantities, like 
the 135-pound iron (26) ball I keep in my office for people to trip 
over. Others are best enjoyed in responsible moderation—keep 
Colom enlecelembne-banlorenm(cyamiemsalcmeyssleccrm-lalemolcce)o)(onie-vum-F.elere 
questions (keep over 15 pounds, and the Feds start asking 
questions). 

Element collecting isn’t a big hobby. Compared to the 
sal buenlole) me) im olere)o)(omny slomere) I (cco1melalcaneblor-l mecoyanvereelacelmenslbalcr-lh)m 
Joke) hienXcducmnicr-ballem sr-loylcr) pure) ma aComctcleslemer-luementcir-lKme\(c) mv ale! 
over again (coins), we element nuts are few and far between. 
Part of the reason is that even just storing your collection safely 
requires significant chemical knowledge. Sodium + damp 
basement = bang. But if you're willing to learn the ins and outs 
(o)MerKolemonal(epeleme)(canelcselemere) | (cress etcmaalovanmer-lemolce-mancventovarelelery ay 
rewarding experience. 

See you all at periodictable.com, where I do my collecting 
and you can join the fun! 
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The author in his element(s). Shown 
on top of the world-famous wooden 
recdaoye [Come-]o)(Me-]e)(-¥-la-¥-Rtuat-li mie-leatiola 
of the author’s nearly 2,300 samples of 
the elements and their applications. 
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